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ABSTRACT OF THE DISSERTATION
THE EFFECT OF EMOTIONAL STATE, INTEROCEPTION, INTUITIVE EATING,
AND SELF-REGULATION ON THE ENERGY INTAKE OF COLLEGE STUDENTS
by
Padideh Haddadian Lovan
Florida International University, 2020
Miami, Florida
Professor Catherine Coccia, Major Professor
College students are known to be susceptible to weight gain. Transitioning to
college brings new stresses and challenges which may lead to unhealthy eating behaviors
and weight gain. There are multiple factors which have been attributed to exacerbating
determinants for college weight gain including eating in the absence of hunger, lack of
self-regulation, and emotional eating. As researchers have become more aware of the
disadvantages of dieting and restricted eating, cognitive related behaviors, as a way to
control weight, have gained more attention recently.
The aim of this study is to examine the association between internal bodily signals
of hunger and satiety, intuitive eating, eating behaviors, mood change, and self-regulation
of food intake in college students. In this randomized cross-over study 60 students with
the mean age of 19.8 (SD = 1.43), completed the trials successfully. Students were asked
to complete 2 visits one week apart. Then, students were asked to watch an emotional
movie, drink a preload drink (either low or high calorie) 30 minutes prior to lunch, and
then were offered with a buffet style lunch with variety of options. Food intake was
measured using plate waste methodology.
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The results of the study indicated a great range of self-regulatory abilities in food
consumption; however, participants showed a significant difference in energy intake
affected by the calorie content of the preload. Self-regulation seemed to be greater in
females and students with normal weight. According to our findings, interoception, where
individuals are able to detect and respond to their internal bodily cues may be a good
predictor for self-regulation. Additionally, lower intuitive eating, higher mood change,
and higher restraint and emotional eating habits are significantly correlated with poorer
self-regulation in college students.
In conclusion, students who have a higher ability to detect their internal bodily
signals of hunger and satiety and respond to them, seem to be more successful in
controlling their energy intake and maintaining their healthy weight. Students who
experience more intense emotional changes seem to have difficulty controlling their
consumption. Additionally, eating intuitively and lower restricted or emotional eating
significantly affects self-regulation of food intake.
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CHAPTER I
INTRODUCTION
The prevalence of obesity is increasing in the US population and has become a
significant public health issue.1,2 Among young adults aged 20-39 years old in the United
States, the prevalence of obesity has more than doubled in the past 2 decades.2 College
students are known to be more susceptible to weight gain than the general population of
young adults, especially during the first 2 years of college.3 The transition to college
brings new challenges and stresses, which may lead to unhealthy behaviors and weight
change.4,5 Weight gain in college is related to obesity and obesity-related consequences in
the future, such as diabetes and cardiovascular disease.6,7 There are multiple factors
which have been attributed to exacerbating determinants for college weight gain
including excessive calorie consumption, lack of self-regulation, and emotional eating.8-11
Excessive Calorie Consumption:
As college weight gain has become a serious concern, promoting effective weight
management strategies is of great importance. Previous research has demonstrated that,
outdated weight control strategies, such as restrictive diets, have had disappointing results
in the long term.12-14 Therefore, more attention has been given to modification of lifestyle
behaviors that focus on internal signals including satiety, which seem to be more
sustainable and effective for weight control.15,16 One of the most common behaviors
found in college students that causes excessive calorie consumption and weight gain is
eating in the absence of hunger.17-21 The feelings of hunger and satiety are the major
internal mechanisms responsible for individual’s food intake.22-24 However, being able to
recognize these feelings is a key component in controlling the amount of food

1

consumed.25 Research has suggested that individuals with higher interoceptive
awareness, or the ability to identify internal bodily states, are more likely to experience
higher level of intensity in feeling physiological changes allowing them to identify the
feeling of hunger.26-30 In addition to interoceptive awareness, interoceptive
responsiveness, which is the ability to respond to bodily internal cues, is known to be
effective in decision-making related to food intake. People that have high interoceptive
awareness and interoceptive responsiveness should be less likely to engage in excess
calorie consumption. In fact, researchers have shown that higher interoceptive ability in
college students, where they are both aware of and responsive to their internal signals of
hunger and satiety, is associated with a higher ability to maintain their Body Mass Index
(BMI).31,32
Self-regulation:
Just being able to be aware of hunger and satiety signals is not enough for people
to effectively lose weight.33 Many studies have shown that effective weight loss
interventions need to focus on increasing individuals’ ability to self-regulate their eating
behaviors.34,35 Self-regulation is described as intentional or unintentional efforts to
control a behavior. Practicing self-regulation in eating assists individuals to monitor daily
energy intake and maintain body weight.34,36-41 As such, some studies have illustrated the
negative correlation between college student’s BMI and self-regulatory skills in food
intake.42-44
Emotional vs. Intuitive Eating:
Other studies have shown that self-regulatory skills in eating are influenced by
other internal factors such as mood and emotions.39,45,46 Eating under the influence of
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different emotions, known as emotional eating, is correlated with overconsumption in
college students.47-50 The results of the studies that measured the effect of mood and
emotions on food intake in college students demonstrated that students face more
overconsumption episodes under emotional or stressful circumstances.51-54 Therefore,
researchers are of the belief that these binge eating episodes are usually reactive to
negative feelings including stress and boredom thus leading to higher BMI.11,47,55
Intuitive eating is the practice of recognizing one’s hunger/satiety, which requires
interoceptive awareness and responsiveness to be able to eat when hungry, and stop when
full, requiring high levels of self-regulation. According to previous studies, practicing
intuitive eating is correlated with lower BMI, greater ability for weight control, higher
body satisfaction, and food enjoyment in college students.56-60 Furthermore, intuitive
eating has been found to aid students in regulating their negative emotions, controlling
cravings, and encourage healthy eating.61-63 However, the effect of other internal
determinants such as mood and interoception on the ability to eat intuitively in college
students is still unclear.
Theoretical Framework:
Bandura’s Social Cognitive Theory (SCT) will be used in this study because of its
nature of emphasizing on individuals’ internal signals, their effects on people’s behavior,
and the influence from the environment.37 This theory focuses on cognitive psychology
and has been found to be useful to understand self-influence in regard to food intake.
Bandura stated that there is a reciprocal determinism relationship between an individual's
behavior, the environment, and personal factors.37,64-66 Self-regulation, as an SCT
construct, is one of the most crucial determinants in human behavior change and will be
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the core component in this study. Furthermore, intuitive eating, interoceptive ability and
mood are considered internal factors that influence regulation and food intake. The
overall aim of this study is to examine the effect of interoceptive ability, intuitive eating
skills, and mood on self-regulation in college students as shown in Fig.1.1 and Fig.1.3
indicates the effect of mood, intuitive eating, and self-regulation. In addition, the level of
awareness and responsiveness on internal commands (interoceptive ability) and its effect
on intuitive eating and self-regulation in energy intake will be measured using the model
demonstrated in Fig.1.2.
This study is important because by determining the degree of awareness and
control over internal signals with regard to eating, researchers and health promoters will
be able to create innovative strategies for weight control for college students. Moreover,
this study will overcome two limitations found in previous studies about college weight
change. First, studies have found multiple internal factors associated with
overconsumption and weight gain in college including the lack of self-regulation,
intuitive eating, interoception, and emotional eating, however, no study has examined the
relationship between these variables to determine how they influence each other. Second,
researchers have solely relied on self-reported data, whereas measurements by trained
researchers may lower participant biases.
Currently, to the best of the author’s knowledge, no study has evaluated selfregulatory skills in food intake among college students using an objective measure. The
current study will use both a questionnaire and a compensation index (COMPX) to
measure self-regulation and eating behaviors in college students. COMPX is a novel
method to estimate self-regulation in food intake by focusing on internal bodily signals
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without including self-reported bias. In this method, student’s calorie intake during a
meal is measured after manipulating their current mood and calorie intake by showing an
emotional movie 2-3 hours before their meal, and serving them two different types of
drinks (low calorie vs. high calorie) 30 minutes before their meal.67-71 Based on COMPX,
individuals are able to compensate they calorie intake in response to the calorie content in
the preload drink. For example, participants who had the high calorie drink are expected
to consume less calories afterwards and vice versa.67,72,73
Figure 1.
Main proposed model

Self-regulation is affected by both mood (current emotional state) and individuals’
intuitive eating skills.
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Figure 2.
The direct and indirect effect of interoception on self-regulation with intuitive eating as a
mediator

Note: cʹ is an illustration of a direct effect of a predictor on the outcome when controlling
for mediators. The hypothesized indirect effect the predictor on the outcome, is illustrated
by a x b through a mediation design. “Interoceptive Ability” is hypothesized to exert an
indirect effect on “Self-Regulation” through “Intuitive Eating”.
Figure 3.
The direct and indirect effect of interoception on self-regulation with eating behaviors as
a mediator
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Figure 4.
Variables (intuitive eating and mood) affecting self-regulation

Specific aims and hypothesis:
The purpose of the study is to determine the effect of emotions and internal bodily
signals on self-regulation in eating among college students 18-24 years of age.
●

Aim 1: To assess self-regulation of food intake among college students using

COMPX scores and its correlation with BMI and gender.
○

Hypothesis 1: Self-regulation will be varied in different BMI categories and

genders.
●

Aim 2: To investigate the relationship between interoceptive ability, intuitive eating,

and self-regulation of food intake in college students and its comparison between
different genders and different BMI categories.
○

Hypothesis 2: Students with lower interoceptive ability will have lower intuitive

eating scores, poorer scores in eating behaviors related to self-control, and lower
COMPX scores. The correlations are affected by different eating behaviors scores, BMI
and genders.
●

Aim 3: To examine the effect of mood change and intuitive eating on self-regulation

of food intake/selection.
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○

Hypothesis 3: Self-regulation is affected by both mood and intuitive eating skills.

Negative mood (e.g. stressed or sad) and lower intuitive eating scores will decrease
college students’ COMPX scores.
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CHAPTER II
LITERATURE REVIEW
Prevalence of Obesity in the United States:
According to the Center for Disease Control and Prevention (CDC), the
prevalence of obesity (BMI of 30 kg/m2 or greater) among US adults (20-39 years of
age), was 40.3% in men and 39.7% in women in the years 2017-2018, nearly doubling in
the past 2 decades.2 The rise in overweight and obesity has become a key major public
health issue, because of its related health implications such as cardiovascular disease,
diabetes, and cancer.6,7 The CDC has reported obesity as a major risk factor for many of
the leading causes of death including diabetes, uncontrolled high blood pressure, and high
cholesterol.74 One particular group that is susceptible to weight gain, is college-aged
adults. Due to the academic stress and changes due to campus life, students may
experience weight change and adopt unhealthy eating behaviors.17-21, 75 More than half of
the college students gain weight during the first two years of college.3 This weight gain
phenomenon is often referred to as “Freshman 15,” where students gain an average of 15
lbs during the first two years of college.76 The weight gained in college is usually difficult
to lose and may lead to obesity and obesity-related consequences in the future.6,7
Factors Associated with Obesity in College:
From a general point of view, obesity results from a calorie intake that is
imbalanced due to higher energy intake compared to energy expenditure.77
Overconsumption of food, mainly foods high in fat, sodium, sugar, and sugar-sweetened
beverages are a major cause of calorie intake imbalance, which increases the prevalence
of overweight and obesity.78-80 A combination of moving into a new environment,
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increasing autonomy in decision making, and having access to cheaper calorie dense
foods may be a major cause in the overconsumption in college students.81 With the
stressful and extremely busy college lifestyle, students are more likely to have higher
consumption of calorie dense foods, which increases daily energy intake.82,83 In addition,
environment changes, such as bigger portion sizes, higher accessibility to unhealthy
calorie dense food options, professional marketing, and food advertisements are
significantly affecting individuals’ food choices.8-11,84-86
Interoceptive Ability and Hunger:
With the dramatic change in the food environment that students experience after
moving to college, and higher accessibility to calorie dense foods and beverages,
focusing on internal bodily factors play a major role in calorie intake.87,88 The ability to
understand the internal physiological signals and processing them in the brain is called
‘Interoception’.89,90 Interoception is one of the internal factors known to be associated
with food intake.91 Studies from neuroscience have suggested that a network of cerebral
cortex area including Anterior Cingulate Cortex (ACC) and insula are responsible for
visceral states in the body. Some internal stimuli such as gastrointestinal sensations are
known to be activators for insula and ACC.30,90,92-94 Oswald et al32 proposed two parts of
interoceptive ability, ‘interoceptive awareness’ defined as one’s ability to detect internal
bodily signals, and ‘interoceptive responsiveness’ defined as the ability to respond to
these signals. In addition, Oswald et al32 suggested that interoceptive awareness and
interoceptive responsiveness play a significant role in promoting adaptive eating
behaviors in college students.
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In a study, Herbert et al95 measured the degree of interoceptive sensitivity in
college aged women by examining their responses to their heartbeat by asking them to
count their own heartbeat silently and subjectively rate how they felt about their own
cardiac signals using a likert scale from aversive to pleasant. In addition, researchers used
an Electrocardiogram (ECG) to measure the true rate of participants’ heartbeat. The
results of the study showed that participants with lower BMI had higher sensitivity to
their body signals. In another study, Herbert et al29 showed that participants who were
more sensitive to their heart beats reported a higher change and intensity of emotions
during the study. They also found that interoception is significantly associated with
regulatory skills. In light of that study, Merwin et al96 found that non-acceptance of
internal signals is positively associated with eating disorders or calorie deprivation.
Furthermore, higher interoceptive ability is thought to be leading to increased awareness
of visceral changes and higher ability in sensation of hunger which helps regulating
eating behaviors.27,32,95 Other studies that examined the role of interoceptive ability on
emotional eating and the risk of obesity suggest that higher interoception may
significantly decrease emotional eating and it lowers the risk of obesity in young
adults.97,98
Self-regulation:
The ability of sensing the feeling of hunger and fullness is known to be the key to
self-regulation in eating.38 Researchers suggested that another significant factor
associated with weight gain in college students, is thought to be the lack of selfregulatory skills in food intake.8, 9, 11 Self-regulation refers to intentional or unintentional
attempts to control a behavior or thought, and improvement is possible through practice.37
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In other words, based on a homeostatic regulation in the human body, individuals have
the ability to maintain energy intake during calorie consumption.99,100 Self-regulation and
focusing on inner cues of hunger and satiety has become a significant technique in
controlling energy intake and understanding obesity and overconsumption patterns.34,38
Moreover, Individuals who are more aware of their bodily signals, are more likely to
have a permanent effect in committing to healthy eating behaviors in the long term
compared to food restriction.38 Studies have demonstrated the positive effect of cognitive
approaches on weight control.101,102 Additionally, an intervention by Stadler et al35
showed that teaching self-regulatory strategies, assists participants to develop the ability
to maintain healthy eating behaviors in the long term.
Since self-regulation (including goal setting and self-monitoring) as a social
cognitive construct has been shown to be a significant mediator in health-related behavior
change, it may be an effective way to prevent weight gain in college students.36 Several
studies have indicated the positive effect of self-regulatory practice/intervention on
dietary intake improvement among college students. They also suggested that dietary
change demands self-regulation and food monitoring.36,39-41 These studies revealed the
importance of the existence of self-regulatory skills among college students in order for
them to be able to change unhealthy eating habits and control daily food intake. However,
Strong et al33 indicated that college students are lacking self-regulatory skills, which is a
leading cause in overconsumption and weight gain in this population.
There were two qualitative studies (focus groups) by Deliens et al103,104
conducted among European college students aged 20.7 ± 1.6 years, with the aim of
examining the factors associated with students eating behaviors. The authors illustrated
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that the unhealthy eating behaviors formed after moving to college are largely due to the
loss of notable external influences such as parental control. Therefore, the combination of
the lack of self-regulation and the absence of the external forces caused the formation of
unhealthy eating behaviors and weight change. Moreover, students mentioned that they
are continuously challenged to make healthy food choices as they have higher
independency. Another focus group study by Metzgar et al105 aimed to investigate the
facilitators and barriers to weight loss and healthy weight maintenance among female
college students in the U.S. The researchers reported lack of self-regulation as a
significant barrier in maintaining healthy eating behaviors. Additionally, it was
emphasized that students had a greater desire for an external source of accountability to
keep them motivated to stay healthy. Furthermore, Munt et al106 indicated the need for
improvement in self-regulation among college students in order for them to develop
healthy eating habits. These studies suggest that self-regulation is necessary to create
healthy eating routines.103-106 However, in order to achieve a sufficient level of selfregulatory skills in eating, it is also necessary to understand the impact of the influential
factors on self-regulation for example emotions.
The Effect of Mood and Emotions on Food Intake:
Although causes of weight gain in college students are multifactorial, emotional
eating has been identified as a significant issue in college weight gain.17-21 Emotional
eating is known as eating under the influence of different emotions.47 Different emotional
stages play a significant role in changing an individual's food intake patterns and food
choices. As an example, negative emotions such as stress could lead to overeating and
weight gain which is known to be a significant cause of weight gain among college
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students.47-50 College students experience a large number of emotional eating episodes
due to their high level of stress. Stress and boredom have been reported to be major
triggers of emotional eating in this population.11 However, stress seems to have a greater
impact than boredom.107 In a study by Lowe and Fisher108, college students were asked to
monitor their mood before they snack during the day for 13 consecutive days. The results
of the study showed that students with higher BMI were more likely to engage with
emotional eating and they were more responsive to emotions. However, the study only
tested the snack intake, not full meal consumption. Similarly, a study by Wolff et al109
looked at mood and eating behaviors in college-aged women. Participants were asked to
self-monitor their mood and eating behavior for three weeks and findings from the study
suggested that binge eaters were more likely than non-binge eaters to report having a
negative mood. In the same way, Bekker et al110 tested the effect of neutral to negative
emotions on self-perceived emotional eating in college students. Findings revealed that
higher negative emotions were positively correlated with a higher number of binge eating
episodes.
Furthermore, previous studies focusing on gender differences, have shown that
the effect of emotional eating is reported to be higher among women compared to men.
Women also score higher in dieting and binge eating episodes.51,54 In addition, men
reported more overeating during meal time under an emotional or stressful circumstance,
but losing control in eating was higher among women when experiencing the same
situation.51-54 Additionally, a qualitative study by Bennett et al11 demonstrated that
unpleasant feelings such as boredom and anxiety trigger emotional eating in males to use
it as a distraction. In contrast, females identify stress as the main cause of emotional
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eating followed by guilt. Many other published studies have supported the effect of
negative feelings and mood on food intake in college aged participants.111-115 One of the
challenges to measure emotional eating is to use a reliable method. A recent study that
compared the results from self-reported emotional eating and food intake after
remembering a memory associated with embarrassment, sadness, or anxiety in college
students suggested that there was no significant relationship between the obtained
scores.116
Intuitive Eating and Eating Behaviors:
With the increase in the prevalence of emotional eating episodes among college
students, eating based on physiological cues rather than emotion has recently gained a
great amount of attention and has been accepted as an adoptive eating style.117-119
Intuitive eating is the most popular approach to eating based on bodily cues to maintain a
healthy lifestyle.57 Intuitive eating is defined as being aware of internal signals of hunger
and satiety while eating. The concept of intuitive eating was categorized into three factors
by Dr. Tylka.56 The first category is unconditional permission to eat, which represents
individuals’ desire to eat when hungry. This category focuses on not labeling any food as
forbidden, which can lead to binge eating episodes and guilt.120 The second category is
eating for physical rather than emotional reasons, which mirrors individuals’ eating
pattern based on either feeling physically hungry or emotional reasons.56 The third factor
is known to be reliance on hunger and satiety cues. Individuals who trust their inner cues
of hunger and satiety are thought to have higher self-regulatory skills in eating.121,122 In a
recent study, Tylka and Kroon Van Diest123 added a new domain called ‘body-food
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choice congruence.’ This factor measures the extent to which individuals’ food choices
match their body needs.
Practicing intuitive eating skills have been an effective method for weight control
in college students. According to previous studies, intuitive eating is associated with
lower BMI, greater ability for weight control, higher body satisfaction, and food
enjoyment.56-60 Intuitive eating has a desirable effect on having a higher control on eating
patterns. It helps individuals to regulate their negative emotions, control their cravings,
and encourages healthy eating.61-63 Also it appeared that students from health-related
majors are more likely to be engaged with intuitive eating habits, thus, college major was
used as a criteria in participants eligibility screening in this study.124 The results from a
study by Shouse and Nilsson125 demonstrated that emotional awareness has a significant
impact on female college students’ eating behaviors and intuitive eating. A similar study
assessed the level of intuitive eating and its correlation with BMI in male college students
exclusively.126 The findings of the study showed similar results with a negative
correlation between intuitive eating and BMI. Furthermore, college students who reported
trusting their bodily emotions to tell them how much they should eat, have reported less
binge eating episodes and they are at a lower risk of being diagnosed with eating
disorders.127
In regard to diet quality, in a recent study, Borelli et al.,128 suggested that intuitive
eating is not significantly correlated with diet quality and higher unconditional
permission to eat scores seemed to be associated with lower diet quality and lower BMI
in college students. In relation to interoception, a study showed that interoceptive abilities
measured by heartbeat positively predicted two phases of intuitive eating skills including
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“eating for physical rather than emotional reasons” and “reliance on internal tasks”.95
Previous studies that looked at intuitive eating, demonstrated the significance of the
ability to identify internal signals of hunger and satiety in eating patterns.56-60 However,
the effect of emotions in food intake is equally important.17-21 Consequently, the key to
eating intuitively seems to be developing the ability to judge hunger and satiety cues
accurately, as well as lowering/controlling the effect of emotions on food intake.
Social Cognitive Theory:
Albert Bandura’s Social Cognitive Theory (SCT) highlights the relationship
between personal factors, environment, and how they affect shaping a behavior. SCT
suggests that humans can control their behavior in the same way they influence others,
however, they need to develop the skill of managing it internally.64 According to SCT,
having a sense of control on a personal level is necessary for behavioral change. This
sense of control can be achieved by developing the ability of controlling thoughts and
feelings. Individuals who believe in their internal power to change, are more likely to be
committed to accomplish a goal such as changing a behavior.129 This internal power is
called self-regulation in SCT. Moreover, self-regulation is a significant element in
decision making and a principal factor in behavioral change.130-133
COMPX Score and Calorie Intake Based on Calorie Compensation:
Self-regulation can be measured by survey or by calculating Compensation Index
(COMPX) scores for individuals. It is more common to use self-reported questionnaires
in order to measure self-regulation among college students; however, the answers may be
overestimated and the students might not have enough knowledge about their ability to
self-regulate their eating behavior.69 COMPX is an individual calculation to measure the
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ability to self-regulate. It is calculated based on identification of internal cues of hunger
and satiety and shows more accurate results regarding individuals’ self-regulation skills.
The idea is that individuals are naturally able to regulate their calorie intake internally.
Hence, they will consume less calories during meal time after drinking a high energy
preload drink 30 minutes prior to the meal, and conversely, they will consume more
calories after being offered with a low energy preload drink.67,68 COMPX, distinguishes
the negative compensation (higher calorie intake after the high energy preload) to
overcompensation (lower calorie intake after the high energy preload) and gives the
researchers the opportunity to measure the self-regulatory skills.67,68 Individuals are
capable of developing the ability to precisely calorie-compensate from a young age.
Children respond accurately and rapidly to calorie manipulation and show different levels
of self-regulation.73,134,135
Higher self-regulation is shown with a better COMPX score and better calorie
compensation skills. In contrast, lower self-regulation is detected via lower COMPX
score and lower ability to calorie compensate.136 The concept of calorie intake based on
calorie compensation, was provided by Fomon et al137 for the first time while studying
calorie intake regulation in infants. After Fomon, a few other studies tested the effect of
calorie manipulation on physiological hunger and satiety feedback cues in children,
adolescents 15-17 years of age, and adults 25-35 years old.67,68,73,135,137,138 Birch and
Deysher135 examined children’s (3-5 years old) responsiveness to caloric density internal
cues in food intake using COMPX methods. The results provided clear evidence showing
that children were able to calorie compensate after manipulating the density of the
preloads. A year after, Lipps and Deysher73 published another study investigating a
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similar concept in children (2-5 years old) and their parents (25-35 years old). The scores
from COMPX demonstrated that participants were capable of calorie compensation.
However, children showed higher self-regulatory skills compared to parents. In a study
by Johnson67 the ability to focus on internal cues of hunger and satiety were investigated
in preschoolers calculated by COMPX. Baseline information showed a large variety of
self-regulatory skills among children; however, participants showed improvement in selfregulation after being taught to focus on their own bodily signals.
Another study by Johnson and Taylor-Holloway68 examined non-Hispanic white
and Hispanic children’s responsiveness to energy density signals measured using
COMPX. Findings revealed a variation of responsiveness in children between 5-12 years
of age. A study by Sylvestre et al.138 explored calorie compensation skills in adolescents
15-17 years old during five consecutive days. At the conclusion of the study, subjects
showed higher COMPX scores. The results of all studies showed the validity and
reliability of COMPX in measuring self-regulation in food intake. Findings in all the
studies showed that calorie intake after taking a low-calorie preload was shown to be
higher than the ones who took the high calorie preload which indicated the existence of
calorie compensation in response to calorie manipulation.67,68,73,135,137-139 COMPX has
been used to evaluate self-regulatory abilities in food intake in children in multiple recent
studies that has been published within the last 2 years indicating the higher reliability of
an objective method versus self-reported questionnaires to measure self-regulation.140-142
Moreover, some studies demonstrated that adults have shown more accurate
compensation over the course of several days.138,143 However, there has been no study
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examining the use of COMPX in college students to examine self-regulation in food
intake.
Summary and Conclusion:
College students are more susceptible to weight gain, especially during the first 2
years of college, compared to the general population. The transition to college and its
complications play a major role in forming unhealthy eating habits and weight gain.
College weight gain may lead to adulthood obesity and obesity related consequences.
Since current weight control strategies are ineffective in the long-term, modern research
has started exploring new cognitive related strategies for weight loss that focus on
internal bodily signals. Intuitive eating, mood, self-regulation, and interoceptive abilities
are known to be the most influential internal skills attributed to eating habits among
college students. However, the effect of each factor on one another is not clear.
The current study aims to determine the effect of mood, interoception, intuitive
eating, and eating behaviors on self-regulation in eating among college students. It is
hypothesized that higher emotional changes and lower ability to detect internal bodily
signals of hunger and satiety as well as intuitive eating skills will lead to lower selfregulation. Self-regulation of food intake was measured using COMPX to compare the
results. The effect of BMI on self-regulation was measured as well based on the
assumption that participants with higher BMI will have a lower COMPX score. It is also
hypothesized that self-regulation is directly and indirectly affected by individuals’
interoceptive abilities with intuitive eating and eating behaviors as mediators. Thus, the
assumption is that higher interoceptive ability is related to higher intuitive eating skills
which would influence people’s ability to self-regulate in food consumption. Even though
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the significance of self-regulation in weight control among college students has been
shown to be necessary, the effect of physiological feedback cues has never been tested
among this population, which may be a critical step to future interventions.
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CHAPTER III
RESEARCH DESIGN AND METHODOLOGY
Study Design:
Participants:
Studies have shown that college students are more likely to experience significant
weight gain in comparison with the general population.3,33,144-146 For many college
students, they are dealing with the transition of moving into a new environment,
increasing autonomy in decision making, and having access to cheaper calorie dense
foods on campus.67,81 Participants were recruited from Florida International University
(FIU), Florida. FIU is an urban, Hispanic-serving institution which has nearly 54,000
students with a high level of commuter students and recruiting at FIU provide access to a
diverse population.
Recruitment:
Participants were recruited in August, September, and October 2019 via
announcements in non-dietetics large general education courses. In some of the classes,
students were offered with extra credits by the professors if they participated in both trials
completely. In addition, each student received a $15 FIU gift card if they completed the
trials. Interested students who wanted to participate in the study were asked to complete
an eligibility survey online or in person on the spot. Eligible students received an
additional email with more information about the study including dates and times of the
lunch buffet trials. Consent forms were given to the participants on the first day of the
trial prior to data collection. A copy of the consent forms was appended. This study was
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reviewed and approved by FIU Institutional Review Board (IRB) with the approval
number of IRB-19-0315.
Table 1.
Eligibility criteria
Inclusion criteria

Exclusion criteria

Undergraduate college students at FIU

Student athletes

Age 18-24 years old

Students with health-related conditions such as
diabetes.
Students with a diagnosed eating disorder.
Students who are on medication that affects their
appetite such as antidepressants or steroids.
Students who are pregnant
Students who are vegan

Power analysis and sample size:
The primary aim of the study was to determine whether there is a correlation
between internal factors affecting food intake including self-regulation, mood, intuitive
eating, and interoception. Based on a similar study, effect size was determined 0.2 In
order to calculate the sample size using G-power software.147,148 The sample size was
calculated to include a total number of 52 participants (29 per group), using linear
multiple regression, with 80% power. Taking into consideration a 10% drop out based on
similar previous studies, minimum 60 participants were recruited and completed the
study.72,149
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Randomized Crossover Trial:
This study was a randomized crossover trial with a one-week washout period.67 In
randomized crossover research designs, participants are randomly assigned into two
different groups and receive a sequence of different treatments. Then, the treatments are
exchanged between the groups and the response is assessed and compared at the end of
the study. A crossover design can provide accurate outcomes in a small sample size with
a low rate of drop-out. Crossover trials are useful for observations and compare
individuals against themselves.150 Moreover, randomization will prevent selection and
data analysis bias in this study.151 Randomization was be under the supervision of a
statistician and was conducted using a computer program. Recruited participants were
randomly assigned into two groups.
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Figure 5.
Participation flow-chart

Two Week Trial:
The trials started at the end of September 2019 and ended at the beginning of
November. The period of the study was 1 week with 2 visits for each participant. Based
on related previous studies, the effect of calorie manipulation on food consumption was
measured in two different visits, one week apart and the data obtained will be compared
between weeks 1 and 2.67,73,135 Participants were asked not to exercise on the trial day.
During the visits, each individual filled out the questionnaires, had their anthropometric
measurements taken, was offered with a snack (a snack pack of goldfish cracker) and
watched a movie for approximately 2-3 hours. Then, participants received either a high
energy or low energy preload drink 30 minutes prior to lunch (sweet iced tea). After 30
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minutes they were offered with a buffet style lunch with a variety of food options.
Students and lunch helpers were blinded about the type of preload drink at the trials.
Trial Timeline:
1. Individuals received a snack 3 hours prior to the trial.
2. Participants completed questionnaires and anthropometric measurements.
3. Participants were asked to watch an emotional movie.
4. Preload drinks were served 30 minutes before lunch.
5. Participants were asked to answer a mood questionnaire again.
6. The ad libitum lunch was served where participants can consume as much as they
desired.
Table 2.
Materials/questionnaires used during the trials
Movie

Preload

TFEQ-R18

BMIS

IES-2

BAQ

BRS

Trial 1

X

X

X

XX*

X

X

X

Trial 2

X

X

XX*

XX*: This questionnaire will be given 2 times during each trial.

Emotional Movie:
In this study, participants were asked to watch an emotional (sad) movie to
examine the effect of negative mood on self-regulation in food intake. To make sure
participants had not watched the movie before, a list of 7 different movies was presented,
and they were scheduled for to watch the movie they claimed they had not seen. Previous
studies have proven the effect of movie watching as an effective stimulus on mood
change, bodily reactions, and hormonal change.71,152-154 In a study by Jalilifard et al155 the
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researchers used video clips to raise three emotions including neutral, relaxed, and scared
to be able to classify two different emotional states in 19 participants (aged 19-32 years
old). A non-invasive brain monitoring method called Electroencephalography (EEG) was
used while watching the clips to monitor the participants’ brain reactions. The authors
reported video clips to be a reliable method to manipulate individuals’ emotions. In
addition, there are multiple studies that have proven the effectiveness of video
clips/movies as emotional stimuli.156,157
For instance, another study by Yeomans and Coughlan158 compared the selfreported self-regulatory skills in eating and emotional state manipulated by different
types of movies (neutral, negative, and positive) in college students. The results showed
that different types of movies caused different emotions which had a significant impact
on individuals' snack intake. Furthermore, participants with lower self-regulatory skills
consumed a higher number of snacks after watching the movie with negative effects.
However, the results from the questionnaire showed that restraint alone is not a reliable
predictor in overconsumption. Moreover, the effect of mood induction using a movie on
food intake and hormonal levels in college students was tested in a study by Jampour et
al159 the students were separated into two groups and watched a 50 minutes movie (either
drama or comedy). The authors concluded that the type of movie affected ghrelin,
cortisol, and insulin levels as well as the type of snack choices.
Preloads:
Studies showed that, in order to explore the effect of calorie manipulation on
calorie intake, participants should be provided with a preload followed by a main meal
within 30 minutes.67,68,73 Two preload drinks with the same flavor, differed in calorie
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density (low calorie and high calorie) was used 20-30 minutes prior to the main meal.
Preloads only differed in calorie density each time. Individuals who received a low
calorie preload on the first visit, received high calorie preload on the second visit in the
following week and vice versa. Each participant was offered with a 6oz of the preload
drink.73 Then, calorie intake in each visit was assessed and compared individually to
examine the effect of preload on the amount of calorie intake. However, in order for the
researchers to have more reliable results, it is necessary for the participants to start the
trial with an equal calorie state. Thus, they were offered with a snack 3 hours prior to the
meal.67,73,135,136 Preload drinks contained 0 kcal and 210 kcal (878.64 KJ) for low and
high calorie preloads respectively.
Ad Libitum Lunch:
Since college students have a variety of food options available when they are on
campus on a daily basis, overconsumption may be common. The administered meal
provided the participants with a variety of highly palatable food options. This setup
helped the researchers to measure participants’ food preference when exposed to a variety
of food options as well as calorie intake.160,161 Both healthy and unhealthy options were
provided at the buffets in order to examine the food choices. Food options were selected
similar to the food served at FIU’s dining cafe including broccoli, grapes, bananas, turkey
sandwich, and baby carrots as healthy options, mac and cheese, cheese pizza, fried
chicken, and cookies as unhealthy options. As beverages, water and lemonade were
served. Food was served by dietetics and nutrition student volunteers that are ServSafe
certified. ServSafe is a safety training program for individuals who serve food and
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beverages, administered by the National Restaurant Association (NRA). Individuals who
pass this training with an acceptable score, will be certified as safe food handlers.
Food Intake Measurement:
Food intake can be measured by weighing individuals’ plates before and after
consumption and taking pre and post pictures of each plate in order to estimate the
amount consumed by the participants.162,163 Leftovers were assessed using standard
serving sizes and the data was entered in a calorie count application to measure the
amount of calories consumed by students. In order to increase the inter-rater reliability, 2
different researchers were assigned to measure the leftovers based on the final pictures
and record their measurements separately estimating one serving size of each food item
to one decimal point. Inter-rater reliability was reported by a third researcher. The
finalized scores were compared to final plate waste weights.
Study Measures:
The main component used from Social Cognitive Theory was self-regulation
which was assessed through COMPX among college students. Mood, intuitive eating,
eating behaviors, and interoceptive ability (by calculating the average of the scores
obtained from both interoceptive awareness and responsiveness) was assessed using
related questionnaires.
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Table 3.
Study components
SCT Constructs/
Variables

Definition

Assessment via
Questionnaire

Assessment via
COMPX

Assessment
Tools

Eating Behaviors

The power of
controlling a
behavior.

X

X

TFEQ-R18
DEBQ

Mood

The current
emotions of the
participant.

X

BMIS

Intuitive Eating

The ability to eat
based on one’s
internal bodily
signals

X

IES-2

Interoceptive
Awareness

The ability to
detect internal
bodily signals.

X

BAQ

Interoceptive
Responsiveness

The ability to
respond to
internal bodily
signals.

X

BRS

Outcome Measures:
COMPX Score:
COMPX was calculated to examine observed self-regulation. In this study
COMPX is calculated based on identification of internal cues of hunger and satiety and
shows a more accurate results regarding individuals’ self-regulation skills.67,68 After
measuring the calories consumed by the participants, COMPX scores were calculated
using the formula below.68
!" $%&%'() *+ !"# %&%'() *'%+",- , !" $%&%'() *+ ./(0 %&%'() *'%+",-.%/0 1.2$34" *+ ./(0 , -.%/0 1.2$334" *+ !"#
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x 100%

The calculated score is an indicator for percent compensation. It distinguishes the
negative compensation (higher calorie intake after the high energy preload) to
overcompensation (lower calorie intake after the high energy preload) and it makes it
possible to judge the effect of preload on calorie consumption.67,68 Considering the value
of the preloads, if the COMPX score is 100% it means that there is a perfect “calorie-forcalorie” compensation and the participant consumed the exact calorie difference between
the two preloads.
Three-Factor Eating Questionnaire-R18 (TFEQ-R18):
This questionnaire was used to measure individuals’ eating behaviors. The
original Three Factor Eating Questionnaire was a 51-item self-reported scale meant to
measure cognitive and behavioral components in obese population.164 However, the
revised TFEQ known as TFEQ-R18 is an 18-item scale designed to assess three
behavioral factors including cognitive restrains (!=0.75), uncontrolled eating (!=0.85),
and emotional eating (!=0.87).165 The TFEQ-R18 is coded on a four-point scale (1-4),
total scores will be averaged with higher score reflecting higher self-regulatory abilities,
e.g. “I deliberately take small helpings as a means of controlling my weight”, “I
consciously hold back at meals in order not to gain weight.”.166 The validity of TFEQ
has been proven in previous studies including studies among young adults and was found
to be easy and comprehensible among this population. Additionally, this scale was shown
to be able to distinguish among different eating patterns.166-168
Dutch Eating Behavior Questionnaire (DEBQ):
This questionnaire will be used to measure eating behaviors as well. Both TFEQ
and DEBQ are known to be conceptually related, however they reflect different
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approaches to eating style assessment in college students.169 DEBQ contains three
subscales with a total of 33 questions. The first subscale is called emotional eating
(DEBQ-E) which has 13 items (9 describing eating is response to label emotions and 4
describing eating in response to diffuse emotions) with the reliability of !=0.94. The
second and the third subscales are restrained eating (DEBQ-R) (!=0.95) and external
eating or eating in the presence of external factors (DEBQ-X) (!=0.80) with 10 items
each.157 All the questions are a 5-point Likert-type scale from “never” to “very often”
reliable in both obese and non-obese participants.170 The validity and reliability has been
tested in college students in previous studies.53,171
Intuitive Eating Scale-2 (IES-2):
IES-2 is a revised scale questionnaire by Tylka et al.56 IES-2 mirrors the original
scale; however it includes more positive scoring (instead of reverse scoring), measures all
four intuitive eating factors, and it is specifically designed for male and female college
students.123 This newly developed scale questionnaire is a 33-item scale (with 21 original
items and 17 new items) meant to measure the four following key aspects of intuitive
eating: a) Eating for physical rather than emotional reasons, b) unconditional permission
to eat, c) reliance on internal hunger and satiety cues, d) body-food choice congruence.
The questionnaire is a 5-point likert scale with 5 strongly agree and 1 strongly disagree,
e.g. “I can tell when I’m slightly full”.56,123 Multiple studies have reported satisfactory
reliability for IES-2 and showed the construct validity among college students and adults.
115,172-174

IES-2 has been validated among male and female college students in the U.S.

with the internal consistency reliability of !=0.81 and !=0.93 respectively.174
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Brief Mood Introspection Scale (BMIS):
The BMIS is a 16-item mood adjective scale to assess participants' present mood.
In this scale, items are measured on a 4-point likert from definitely do not feel to
definitely feel, and it focuses on 4 mood factors: “Calm” !=0.70, “Active” !=0.60,
“Positive” !=0.80, and “Negative mood” !=0.78.175 In addition, there is a likert scale
from -10 to 10 (-10= very unpleasant, 10 = very pleasant) to measure participants overall
mood at the end of the questionnaire.175 The validity of the questionnaire has been tested
through multiple studies. This scale has also shown reliability in a variety of age groups
and among large populations.175-180
Body Awareness Questionnaire (BAQ):
Interoceptive awareness was measured using BAQ. This questionnaire is an 18item self-reported scale meant to measure individuals’ sensitivity to body rhythms and
cycle and the ability to sense bodily small changes in normal functioning and predicting
bodily reactions. BAQ has reported as an internally reported scale with !=0.82.181 Items
are measured on a 7-point Likert (1 = not true of me at all and 7 = very true of me) e.g. “I
know in advance when I’m getting a flu”. The average of the total score will be
estimated and a higher score will represent higher interoceptive awareness ability.181 The
validity of the questionnaire was proven, and it was reported as a reliable instrument for
measuring self-reported body awareness. Moreover, the BAQ has indicated good internal
consistency among college students.32,181
Body Responsiveness Scale (BRS):
Interoceptive responsiveness was examined using BRS which includes 7 items to
measure the willingness of individuals to respond to their internal signals and has been
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reported to be internally consistent !=0.83.182 The responses are measured based on a 7point likert scale (1 = not at all true of me, and 7 = always true of me), e.g. “My bodily
desires lead me to do things that I end up regretting” (reverse coded). The average of the
scores will be measured with higher score demonstrating greater interoceptive
responsiveness.182 Internal consistency and reliability was verified among college
students by Oswald et al.32
Demographic characteristics:
Demographic data was collected prior to the trials at baseline including gender,
race, ethnicity, age, marital status, income, and living arrangements using a
questionnaire. Participants were also be asked about their activity level. The
questionnaire was developed by the researcher.
Anthropometrics:
Anthropometrics were collected from each participant at FIU, Department of
Dietetics and Nutrition. Measurements including height (cm) and weight (kg) were taken.
Body Mass Index (BMI in kg/m2) was calculated using BMI formula (weight/height2).183
Height was measured barefoot by using a stadiometer, weight was measured without
heavy clothes by using a digital scale. In addition, InBody machine was used to measure
participants’ body composition including body fat percentage and muscle mass.
Measurements were done by asking the participants to stand on the machine barefoot and
holding the handles for a few seconds until the analysis was done and the results were
printed. The touched areas were sanitized after each participate.
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Statistical Analysis Plan:
Data was analyzed using SPSS v23.0. and v25.0. For hypothesis 1, linear
regression analysis was performed to measure the correlation between BMI and selfregulation scores (COMPX). Paired t-test and independent t-test were used to examine
the effect of preload drinks on food and calorie intake between the sessions as well as
comparing self-regulation results between different genders or different BMI categories.
Linear Regression was also used to identify associations between mood, intuitive eating,
and eating behaviors on the outcome variable (self-regulation) for the second hypothesis.
Mediation analysis was conducted using PROCESS syntax, for hypothesis 2 to test the
mediation effect of intuitive eating and eating behaviors when looking at the effect of
interception on self-regulation. Mediation analysis was based on a model designed by
Preacher and Hayes.184 For hypothesis 3, linear regression was used to examine the
correlation between mood and intuitive eating with self-regulation of food intake.
Independent t-test was performed for hypothesis 2 and 3 to compare the results between
different genders or different BMI categories.
Table 4.
Table of analysis
AIM: To determine the association between self-regulation, mood, intuitive eating, and eating
behaviors among college students
Hypothesis

Independent and
Dependent Variables
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Outcomes

Statistical
Analyses

H1: Self-regulation will be
varied in different BMI
categories and genders.

Independent:
- Gender
- BMI
Dependent:
- Students’ COMPX
scores

H2: Students with lower
interoceptive ability will
have lower intuitive eating
scores, poorer scores in
eating behaviors related to
self-control, and lower
COMPX scores. The
correlations are affected by
different eating behaviors
scores, BMI and genders.
H3: Self-regulation is
affected by both mood and
intuitive eating skills.
Negative mood (e.g.
stressed or sad) and lower
intuitive eating scores will
decrease college students’
COMPX scores.

Independent:
- Interoceptive ability
- Intuitive eating
- Eating behaviors
Dependent:
- Students’ COMPX
scores

Independent:
- Mood
- Intuitive eating
Dependent:
- Students’ COMPX
scores

Individuals with
higher BMI show
poorer selfregulatory skills.
Females have better
self-regulation
compared to male
students.

- Linear
Regression
- Independent
t-test
- Paired t-test

Students with better
interoceptive
abilities, higher
intuitive eating
scores, lower
emotional eating and
restraint eating
scores, seem to have
better self-regulation
of food intake.

- Linear
Regression
- Independent
t-test

Students who show
higher mood change
and lower intuitive
eating scores, appear
to have poorer selfregulation of food
intake.

- Linear
Regression
- Independent
t-test

Table 5.
Study timetable
Activities

Aug 19

Sep 19

IRB

X

X

Oct 19

Recruitment
and screening

X

X

Randomization
and baseline

X

X

Trials

X

X

Nov 19

Dec 19

Jan 20

Feb 20

Mar 30

X

X

X

X

X

Data cleaning
and analysis
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CHAPTER IV
RESULTS
Descriptive analysis:
Participants’ demographics:
Participants were recruited from large educational classes at both FIU campuses.
A total of 192 college students were recruited. Student athletes and students who were
pregnant or vegan, individuals who were on medications that affected their appetite, and
students who were diagnosed with some conditions such as diabetes or eating disorders
were excluded. Out of 174 eligible students, 66 completed the baseline questionnaires
and anthropometric measures. Only 60 participants completed both trials successfully
(10% drop out rate) and their data was used in COMPX and food intake related analysis.
Participants’ mean age was 19.8 years old (SD = 1.43). The majority of the participants
were White Hispanics (75.8%), living with their parents (72.7%), with an annual income
of lower than $25,000 (93.9%). Further demographics are shown in table 6.
Table 6.
Participants’ characteristics
N

Percentage

Gender

Male
Female

25
41

37.9
62.1

Race

White
Black or African American
Asian
American Indian

50
12
3
1

75.8
18.2
4.5
1.5

Ethnicity

Hispanic
Non-Hispanic

49
17

74.2
25.8
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Class Standing

Freshman
Sophomore
Junior
Senior

13
22
19
12

19.7
33.3
28.8
18.2

Marital status

Single
Married
Divorced or widowed

66
0
0

100
0
0

Personal income

<$25,000
$25,000-$34,999
$35,000-$49,999
>$50,000

62
3
1
0

93.9
4.5
1.5
0

Living arrangement (1)

On campus dorms
Off-campus dorms
Apartment/condo/house

10
9
47

15.2
13.6
71.2

Living arrangement (2)

Alone
With parents
With roommate
With partner

1
48
15
2

1.5
72.7
22.7
3

Note. N: sample size.

Participants’ anthropometrics:
Most of the students (40.9%) reported a medium activity level throughout the
week (150-300 minutes per week), 37.9% claimed that they have low activity (less than
150 minutes per week), 10% reported inactivity (no activity beyond daily life), and 4%
declared high level of activity (more than 300 minutes per week). Anthropometric
measures were done using a stadiometer and an In-Body machine. The data showed that
the mean weight was 69.07 ± 15.96 kg with most of the population in the normal weight
category (63.6%). The mean height was 167.72 ± 8.72 cm. Table 7 shows participants’
anthropometrics data based on BMI cutoffs.

38

Table 7.
Participants’ anthropometrics by BMI cutoffs
BMI
category

N

%

Total body
water (kg)
M±SD

Dry lean
mass (kg)
M±SD

Lean body
mass (kg)
M±SD

Body fat
mass (kg)
M±SD

Skeletal
muscle
mass (kg)
M±SD

Underweight

2

3

28.05±1.91

10.10±0.42

38.15±2.33

10.30±0.42

20.60±1.55

Normal

42

63.6

35.15±11.29

12.85±4.01

48.00±15.30

14.92±10.50

26.91±8.51

Overweight

16

24.2

37.73±8.170

13.86±2.90

51.59±11.06

23.44±5.89

28.83±6.86

Obese

6

9.1

42.6±10.10

15.72±3.76

58.32±13.86

44.20±13.38

32.92±8.54

Total

66

100

36.24±10.53

13.27±3.78

49.51±14.30

19.51±12.95

27.73±8.14

Note. Data expressed as means±standard deviation.

Inter-rater reliability for food intake:
To increase inter-rater reliability to analyze the plate waste pictures, 2 researchers
estimated the leftover foods using pictures of the plates after eating independently. We
performed Intraclass Correlation Coefficient (ICC) (a two-way mixed effect model,
absolute agreement) in order to examine the inter-rater reliability for participants’ food
intake between 2 raters. The variation of ICC was between 1.000 to 0.892, with pizza (CI
= 1.000-1.000), turkey sandwich (CI = 1.000-1.000), grapes (CI = 1.000-1.000), carrots
(CI =1.000-1.000) the highest, and cookies the lowest (CI = 0.845-0.825), varying from
excellent to good. In addition, final plate weights based on the leftover estimations were
compared to the actual final plate weights obtained during the buffets using a scale.
These measures were used to estimate total ICC for all 9 food items between the 2 raters
(liquids were not included since they were measured directly on the scale instead of via
pictures). The results showed that the total ICC was good with ICC = 0.891 (CI = 0.7040.947) (table 8).
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Table 8.
Inter-rater reliability results of plate waste data calculating 2-way mixed-effects model
95% Confidence Interval

F Test with True Value 0

Intraclass
Correlation

Lower Bound

Upper Bound

Value

df1

df2

Sig.

Mac and
Cheese

0.94

0.91

0.95

16.71

119

119

.000

Pizza

1.00

1.00

1.00

7738.58

119

119

.000

Turkey
Sandwich

1.00

1.00

1.00

5771.57

119

119

.000

Grapes

1.00

0.99

1.00

2389.70

119

119

.000

Banana

0.99

0.99

0.99

480.14

119

119

.000

Carrots

1.00

1.00

1.00

3223073.83

119

119

.000

Broccoli

0.99

0.99

0.99

860.41

119

119

.000

Chips

0.99

0.99

0.99

279.15

119

119

.000

Cookie

0.89

0.84

0.92

9.25

119

119

.000

Note. Intraclass Correlation interpretation: <0.50, poor; between 0.50 and 0.75, fair, between 0.75 and 0.90
good; above 0.90, excellent.

Aim 1: To assess self-regulation of food intake among college students using
COMPX scores and its association with BMI and gender.
Hypothesis 1: There will be a wide variety of self-regulation scores among college
students. Self-regulation will be varied in different BMI categories and genders.
Comparison of means in energy intake (KJ) between different genders and BMI
categories:
The descriptive data showed that the mean KJ intake after the low energy preload
drink was 3276.14 (SD = 1281.71) and 2823.99 (SD = 1230.00) after the high energy
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preload drink among 60 participants who completed the study. Paired t-test was
conducted to compare the energy intake between both sessions and to test the effect of
the calorie content of the preload drink on food intake. Students showed significantly
lower energy intake during lunch after drinking a high energy preload compared to when
they were offered with a low energy preload drink (t = 2.83, P = .006; Cohen’s d = 0.36).
The results from examining the effect of the preload drinks on calorie intake between
genders indicated that female students showed higher sensitivity to the calorie content of
the preload drink and had a lower energy consumption after the high energy preload drink
(t = 2.86, P = .007; Cohen’s d = 0.46) whereas there seems to be no significant difference
in energy intake between both lunch sessions among male students (P = .173). In
addition, we divided the participants into two different categories based on their BMI
information including underweight and normal UN/NO (n = 41) and overweight and
obese OV/OB (n = 19). There was a significant difference in energy intake during two
lunches only in UN/NO students (t = 2.31, P = .026; Cohen’s d = 0.38).
To compare the food intake (KJ) between male and female students, an
independent t-test analysis was performed using the data from 60 participants who
completed both trials. P values under .05 was consider not significant in this study. The
results showed that the mean KJ intake in male students after low calorie preload drink
(3836.73 ± 1421.20) was significantly higher than females (2902.42 ± 1040.58) (t = 2.94,
P = .005; Hedges’ g = 0.77). Similarly, after drinking the high energy preload drink,
males showed a significant higher KJ intake (3372.65 ± 1465.74) compared to female
students (2458.22 ± 891.34) (t (58) = 3.01, P = .004; Hedges’ g = 0.79). When looking at
the effect of the energy content of the preload on KJ intake between the two BMI
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categories, no significant difference was found (P = .988 after low energy preload, P =
.976 after the high energy preload).
Table 9.
Mean comparison between male and female students’ energy (KJ) intake
Intake

Male (n = 24)

Female (n = 36)

M

SD

M

SD

t statistic

Sig.

KJ energy intake
after low calorie
preload

3836.73

1421.20

2902.42

1040.58

2.94

.005**

KJ energy intake
after high energy
preload

3372.65

1465.74

2458.22

891.34

3.01

.004**

Note. M=means. SD=standard deviation.
**. Correlation is significant at the .01 level (2-tailed).

Assessing COMPX scores in college students and comparison between different
genders and BMI categories:
Compensation index (COMPX) were calculated as a score based on the students’
food intake during 2 ad-libitum buffet style lunches using COMPX formula. The range of
COMPX scores were from -433.8 for students who ate more after the high calorie preload
(under compensation) to 362.38 for students who ate very little during lunch
(overcompensation) with the mean of 51.46 (SD = 140.91).
Sample characteristics:
A Shapiro-Wilk’s test (P > .05) was performed to test the normality of COMPX
scores in male and female students.185,186 In addition, a visual inspection of their
histogram, normal Q-Q plots and box plots showed that the scores were approximately
normality distributes in both genders with a skewness of -0.491 (SE = 0.472) and a
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kurtosis of -0.762 (SE = 0.918) for males and a skewness of -0.675 (SE = 0.393) and a
kurtosis of 0.491 (SE = 0.768) for females.
Figure 6.
Box plot for self-regulation scores in male and female students

We used the same test to examine the normality of COMPX scores in UN/NO and
OV/OB students. The results showed that the scores were normally distributed in both
BMI categories with a skewness of -0.775 (SE = 0.369) and a kurtosis of 2.412 (SE =
0.724) for UN/NO students and a skewness of -0.004 (SE = 0.524) and a kurtosis of 0.356 (SE = 1.014) for OV/OB students.
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Figure 7.
Box plot for self-regulation scores in UN/NO and OV/OB students

After using box plot to plot the distribution of the COMPX data in different
genders, the data for 5 participants (1 male and 4 females) was identified as outliers and
was removed for all the COMPX related analysis. Consequently, COMPX scores range
changed to -200.00 to 362.38 with the mean of 75.84 (SD = 114.90). Since there was a
wide range of the scores and neither of the ends were ideal, COMPX deviation
(COMPXdev) scores were calculated by subtracting the absolute value of COMPX by
100% using the formula below.
COMPXdev = | COMPX scores - 100% |
After using the above mentioned formula, COMPXdev scores range changed into
4.76-300.00 with the mean of 95.57 (SD = 71.19) with lower scores showing better selfregulation of food intake. The results from the t-test revealed that there was a significant
difference in COMPXdev scores between males (130.87 ± 83.59) and females (65.04 ±
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44.69) (t (53) = 3.77, P = .002; Hedges’ g = 1.03), with females showing a higher ability
to self-regulate in food intake.
Table 10.
Mean comparison between male and female students COMPXdev scores
Intake

Male (n = 23)

Self-regulation

Female (n = 32)

M

SD

M

SD

t

Sig.

130.87

83.59

65.04

44.69

3.77

.002**

Note. M=means. SD=standard deviation.
**. Correlation is significant at the .01 level (2-tailed).

When looking at the self-regulation scores and BMI data, we found that the mean
of COMPXdev scores was 85.28 (SD = 61.68) in UN/NO and 107.57 (SD = 87.67) in
OV/OB participants. Table 11 indicates COMPXdev scores in different genders based on
BMI cutoffs for 60 participants. The comparison of COMPXdev score means between
different BMI categories did not show any significant difference (P = .342).
Table 11.
COMPXdev scores in male and female college students based on BMI cutoffs
Genders

BMI cat.

N

Range

Min.

Max.

M

SD

Males

UN/NO

16

254.76

7.62

262.38

116.75

67.66

OV/OB

7

288.10

11.90

300.00

163.12

111.51

UN/NO

21

163.81

4.76

168.57

61.29

44.93

OV/OB

11

155.24

24.76

180.00

72.21

45.50

Females

Note. M=means. SD=standard deviation.

Even though there was no significant difference between the means of COMPXdev
scores in different BMI categories; however, the results from the Regression analysis
revealed that there was a significant positive linear relationship between participants’
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actual BMI and COMPXdev scores (F = 10.71, P < .001; R2 = 0.292, Adj-R2 = 0.265) with
gender as control variable as indicated in table 12.
Table 12.
Linear Regression Analysis results between BMI and COMPXdev controlled for gender
Variable

B

SE B

Constant

85.79

53.48

Gender

-61.58

16.78

BMI

4.25

1.75

t

Sig.

F

Sig.

R2 (Adj-R2)

1.60

.115

10.71

.000

0.292
(0.265)

-0.43

-3.67

.001

0.28

2.42

.019

β

Note: COMPXdev is dependent variable.

In addition, we looked at the relationship between BMI and COMPX in different
genders separately. The results showed that there was a positive linear correlation
between BMI and self-regulation in different genders; however, it was not statistically
significant (presented in table 13 and figure 8).
Table 13.
Linear Regression Analysis results between BMI and COMPXdev in different genders
separately
Variable

B

SE B

Constant

22.14

1.96

Male

0.02

0.01

Constant

22.35

1.367

Female

0.02

0.01

t

Sig.

F

Sig.

R2 (Adj-R2)

11.24

.000

3.15

.091

0.130 (0.089)

0.36

1.77

.091

0.27

16.35

.000

2.39

.132

0.074 (0.043)

1.54

.132

β

Note: COMPXdev is dependent variable.
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Figure 8.
Line graph for absolute self-regulation scores (COMPXdev) by BMI in male and female
students

Food intake:
When comparing food intake between male and female students (n = 60), male
students showed a higher consumption of turkey sandwich after drinking the low-energy
preload (t = 4.27, P < .001). Food intake details can be found in table 14.
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Table 14.
An average of food intake from both trials in male and female college students
Food item

Gender

N

Mean

Pizza

Male
Female

24
36

0.74
0.61

Standard
Deviation
0.71
0.53

Mac and cheese

Male
Female

24
36

0.93
0.63

0.82
0.56

Broccoli

Male
Female

24
36

0.32
0.37

0.52
0.46

Carrot

Male
Female

24
36

0.14
0.13

0.28
0.28

Grapes

Male
Female

24
36

0.67
0.54

0.61
0.47

Turkey sandwich

Male
Female

24
36

1.14
0.58

0.73
0.52

Bananas

Male
Female

24
36

0.20
0.12

0.36
0.26

Chips

Male
Female

24
36

0.19
0.27

0.35
0.42

Cookies

Male
Female

24
36

0.56
0.84

0.90
0.97

Lemonade

Male
Female

24
36

0.11
0.08

0.24
0.24

Food/nutrients selection and intake comparison in different BMI categories:
Food selection/intake:
We looked at the impact of the calorie content of the preload drink on
participants’ food choices and food consumption for all 10 food items separately based
on BMI cutoffs as indicated in tables 15 and 16. According to the results, there was a
significant difference between low energy preload session and high energy preload
session in selecting mac and cheese (t = 2.05, P = .047) and broccoli (t = 2.22, P = .032)
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and the consumption of mac and cheese (t = 2.37, P = .023) and broccoli (t = 2.70, P =
.010) in UN/NO students. No significant difference was found in OV/OB students; thus,
the calorie content of the preload did not seem to affect the overweight students’ food
selection or consumption. The comparison was performed between the two groups
(UN/NO and OV/OB students) for each food item independently, therefor, Bonferroni
adjustment was not necessary.187
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Table 15.
Comparison of average food selected in UN/NO and OV/OB college students between two buffet sessions
Food

UN/NO (n = 41)

OV/OB (n = 19)

Low Cal
preload
M(SD)

High Cal
preload
M(SD)

t

Sig.

Cohen’s d

Low Cal
preload
M(SD)

High Cal
preload
M(SD)

t

Sig.

Cohen’s d

Pizza

0.78(0.65)

0.78(0.79)

0.00

1.00

0.00

0.78(0.71)

0.68(0.67)

0.70

.494

0.14

Mac and
Cheese

0.90(0.94)

0.63(0.54)

2.05

.047*

0.35

1.21(1.23)

0.95(0.70)

0.84

.413

0.26

Broccoli

0.51(0.64)

0.37(0.54)

2.22

.032*

0.23

0.32(0.58)

0.37(0.49)

-0.44

.667

0.10

Carrots

0.24(0.43)

0.15(0.35)

1.43

.160

0.23

0.16(0.37)

0.26(0.45)

-1.00

.331

0.24

Grapes

0.73(0.67)

0.63(0.58)

1.27

.210

0.16

0.53(0.51)

0.58(0.61)

-0.44

.667

0.09

Turkey
Sandwich

0.95(0.74)

0.88(0.78)

0.68

.498

0.10

0.79(0.79)

0.84(0.69)

-0.37

.716

0.07

Banana

0.17(0.38)

0.24(0.43)

-1.14

.262

0.17

0.26(0.45)

0.10(0.31)

1.84

.083

0.41

Chips

0.29(0.46)

0.29(0.51)

0.00

1.00

0.00

0.21(0.42)

0.26(0.56)

-0.57

.578

0.10

Cookies

0.95(1.32)

0.80(1.29)

1.10

.279

0.11

0.84(0.96)

0.68(0.82)

0.61

.546

0.18

Lemonade

0.17(0.44)

0.15(0.36)

0.37

.710

0.05

0.05(0.23)

0.10(0.31)

-0.57

.578

0.18

Note: *: Comparison is significant at the 0.05 level (2-tailed)
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Table 16.
Comparison of average food consumed in UN/NO and OV/OB college students between two buffet sessions
Food

UN/NO (n = 41)

OV/OB (n = 19)

Low Cal
preload
M(SD)

High Cal
preload
M(SD)

t

Sig.

Cohen’s d

Low Cal
preload
M(SD)

High Cal
preload
M(SD)

t

Sig.

Cohen’s d

Pizza

0.70(0.64)

0.67(0.73)

0.41

.687

0.04

0.64(0.59)

0.59(0.62)

0.49

.628

0.08

Mac and
Cheese

0.79(0.93)

0.52(0.47)

2.37

.023*

0.37

1.11(1.26)

0.82(0.62)

1.04

.312

0.29

Broccoli

0.48(0.61)

0.29(0.48)

2.70

.010*

0.35

0.25(0.52)

0.29(0.44)

-0.44

.666

0.08

Carrots

0.16(0.33)

0.13(0.32)

0.64

.527

0.09

0.10(0.31)

0.11(0.26)

-0.08

.936

0.03

Grapes

0.68(0.66)

0.58(0.55)

1.26

.216

0.16

0.50(0.49)

0.52(0.56)

-0.19

.854

0.04

Turkey
Sandwich

0.86(0.75)

0.80(0.75)

0.56

.582

0.08

0.75(0.77)

0.76(0.68)

-0.04

.968

0.01

Banana

0.13(0.34)

0.16(0.36)

-0.50

.623

0.08

0.22(0.40)

0.10(0.31)

1.53

.142

0.33

Chips

0.26(0.42)

0.24(0.49)

0.25

.807

0.04

0.18(0.36)

0.23(0.52)

-0.52

.610

0.11

Cookies

0.83(1.21)

0.66(1.13)

1.04

.305

0.14

0.84(0.96)

0.53(0.74)

1.38

.184

0.36

Lemonade

0.11(0.28)

0.10(0.27)

0.27

.786

0.04

0.05(0.23)

0.07(0.24)

-0.28

.780

0.08

Note: *: Comparison is significant at the 0.05 level (2-tailed)
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Nutrients selection/intake:
A paired t-test was performed to examine the effect of calorie manipulation on
calorie and nutrient selection and intake in UN/NO and OV/OB students independently.
The outcomes showed a significant difference in fiber (t = 2.14, P = .039) selection,
calorie consumption (t = 2.31, P = .026) and the consumption of fiber (t = 2.14, P =
.039), fat (t = 2.16, P = .037), and saturated fat (t = 2.19, P = .035) among UN/NO
students. No significant difference was seen in food selection or food consumption in
response to calorie manipulation between both sessions among OV/OB students. Further
information is provided in tables 17 and 18. Trans-fat was “0” in all the food items,
therefore, it is not mentioned in the data table.
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Table 17.
Comparison of average nutrient selected in UN/NO and OV/OB college students between two buffet sessions
Nutrients

UN/NO (n = 41)

OV/OB (n = 19)

Low Cal
preload
M(SD)

High Cal
preload
M(SD)

t

Sig.

Cohen’s d

Low Cal
preload
M(SD)

High Cal
preload
M(SD)

t

Sig.

Cohen’s d

Calorie

891.32
(317.38)

787.05
(343.07)

1.95

.058

0.31

939.47
(350.11)

783.05
(256.03)

1.41

.176

0.51

Protein

43.68
(14.08)

39.17
(19.75)

1.47

.150

0.26

42.42
(16.31)

39.21
(13.68)

0.88

.389

0.21

CHO

92.05
(36.39)

83.58
(35.63)

1.62

.112

0.23

82.58
(32.05)

74.84
(26.41)

1.01

.326

0.26

Fiber

8.78
(2.86)

7.61
(3.29)

2.14

.039*

0.38

7.94
(2.63)

7.31
(1.63)

0.99

.334

0.29

Sugar

34.36
(20.77)

29.85
(17.47)

1.83

.075

0.23

27.63
(14.29)

27.10
(17.15)

0.12

.907

0.03

Fat

31.88
(15.11)

28.15
(15.59)

1.68

.100

0.24

33.21
(13.40)

28.73
(11.86)

1.11

.280

0.35

Saturated
fat

15.17
(7.73)

13.17
(7.34)

1.76

.086

0.26

16.37
(7.30)

13.84
(6.13)

1.15

.266

0.37

Cholesterol

84.41
(34.09)

74.51
(40.94)

1.59

.120

0.26

88.05
(36.64)

77.47
(31.45)

1.08

.296

0.31

Sodium

1535.88
(547.08)

1369.22
(760.96)

1.52

.136

0.25

1518.37
(574.11)

1372.89
(525.11)

0.10

.333

0.26

Note: *: Comparison is significant at the 0.05 level (2-tailed). CHO: Carbohydrate.
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Table 18.
Comparison of average nutrient consumed in UN/NO and OV/OB college students between two buffet sessions
Nutrients

UN/NO (n = 41)

OV/OB (n = 19)

Low Cal
preload
M(SD)

High Cal
preload
M(SD)

t

Sig.

Cohen’s d

Low Cal
preload
M(SD)

High Cal
preload
M(SD)

t

Sig.

Cohen’s d

Calorie

783.41
(315.34)

674.15
(313.69)

2.31

.026*

0.35

782.16
(294.30)

676.68
(254.16)

1.60

.127

0.38

Protein

38.78
(15.90)

34.36
(18.43)

1.65

.107

0.26

37.89
(16.04)

34.16
(14.36)

1.40

.178

0.24

CHO

78.95
(33.18)

71.61
(33.32)

1.74

.089

0.22

71.10
(26.25)

64.84
(26.31)

.96

.349

0.24

Fiber

7.63
(2.92)

6.58
(3.31)

2.14

.039*

0.34

6.95
(2.65)

6.16
(1.95)

1.19

.250

0.34

Sugar

29.19
(17.05)

25.58
(14.99)

1.92

.062

0.22

25.37
(14.26)

23.79
(16.41)

.35

.730

0.10

Fat

28.29
(14.84)

23.97
(13.76)

2.16

.037*

0.30

29.63
(12.86)

24.68
(11.30)

1.58

.132

0.41

Saturated
fat

13.44
(7.49)

11.19
(6.49)

2.19

.035*

0.32

14.58
(7.30)

12.05
(5.57)

1.42

.172

0.39

Cholesterol

74.95
(35.68)

64.29
(37.32)

1.95

.058

0.29

77.95
(35.97)

67.47
(30.74)

1.43

.171

0.31

Sodium

1351.39
(591.29)

1187.41
(689.55)

1.78

.082

0.25

1336.31
(537.49)

1185.37
(530.84)

1.48

.157

0.28

Note: *: Comparison is significant at the 0.05 level (2-tailed). CHO: Carbohydrate.
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Independent t-test was performed to compare average food intake between
UN/NO and OV/OB students. According to the results, consumption of mac and cheese
is significantly higher in OV/OB group compared to UN/NO group after drinking the
high energy preload (t = -2.11, P = .039; Hedges’ g = 0.57). There was no significant
difference in nutrients intake.
Aim 2: To investigate the relationship between interoceptive ability, intuitive eating,
different eating behaviors and self-regulation of food intake in college students and
its comparison between different genders and different BMI categories.
Hypothesis 2: Students with lower interoceptive ability will have lower intuitive eating
scores, lower scores in eating behaviors related to self-control, and lower COMPX
scores. The associations are affected by different eating behaviors scores, BMI and
genders.
Subscale division:
The results from the baseline questionnaires of 66 participants were used to
examine the correlation between interoception, intuitive eating, and self-regulation. The
answers were self-reported based on the participants' understanding of their own internal
abilities. Table 4.9 indicates the correlation matrix between all the variables.
Interoception was divided into two scales including Body Responsiveness Scale (BRS)
and Body Awareness Questionnaire (BAQ) which were measured independently using
different questionnaires. Intuitive eating (IE) was calculated as a total intuitive eating
score (IES-total) in addition to 4 different subscales including Unconditional permission
to eat, Eating for physical rather than emotional, Reliance on hunger and satiety cues,
Body-food choice congruence. To measure the ability to regulate food intake and eating

55

behaviors, two questionnaires were used including Three Factors Eating Questionnaires
(TFEQ) and Dutch Eating Behavior Questionnaires (DEBQ). Both questionnaires
contained different eating behavior scales which included Uncontrolled Eating Scale
(UES), Cognitive Restraint Scale (CRS), Restraint Eating Scale (RES), External Eating
Scale (EES), as well as Emotional Eating Scale (EES2) which was the only common
scale in both questionnaires. The relationships between the variables were also compared
between different genders and different BMI categories. Table 19 presents the frequency
of UN/NO and OV/OB among 66 participants who completed the baseline
questionnaires.
Table 19.
The frequency of UN/NO and OV/OB students in different genders among participants
who completed the baseline questionnaires
Gender

BMI Category

N

Percentage

Male

UN/NO
OV/OB

17
8

68.0
32.0

Female

UN/NO
OV/OB

27
14

65.9
34.1

Correlation matrix between all the variables (excluding COMPX) in the study:
According to the correlation matrix shown in table 20, BMI is negatively
correlated with reliance on hunger and satiety cues (r = -0.41, P = .001), and positively
correlated with restraint eating (DEBQ-RES) (r = 0.40, P = .001). Body fat percentage
showed positive correlations with emotional eating scales from both TFEQ (r = 0.38, P =
.002 ) and DEBQ (r = 0.31, P = .010 ) questionnaires and negative associations with total
IES scores (r = -0.32, P = .008 ), eating for physical rather than emotional reasons scale
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(r = -.29, P = .016), reliance on hunger and satiety cues (r = -0.31, P = .010), and BRS
scores (r = -0.37, P = .002). BRS showed the strongest significant positive associations
with some of the variables including total IES scores (r = 0.53, P < .001), eating for
physical rather than emotional reasons (r = 0.42, P < .001), reliance on hunger and satiety
cues (r = 0.44, P < .001), body-food choice congruence (r = 0.42, P < .001) and negative
correlations with emotional eating scores from both questionnaires [TFEQ: (r = -0.34, P
= .004), DEBQ: (r = -0.36, P = .003)], TFEQ-UES (r = -0.35, P = .004), DEBQ-RES (r =
-0.26, P = .029), DEBQ-EES (r = -0.25, P = .041). In contrast, there were only 2
significant correlations found between BAQ, reliance on hunger and satiety cues (r =
0.27, P = .032) and body-food choice congruence (r = 0.29, P = .016).
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Table 20.
Correlation matrix examining the association between interoception, intuitive eating, and different eating behaviors based on the
baseline questionnaires

1. BMI
2. %Body fat
3. IES-total
4. IES1
5. IES2
6. IES3
7. IES4
8. TFEQ-EMS2
9. TFEQ-UES

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

1

.27*

-.24

-.18

.08

-.41**

-.18

.07

.01

.22

.40**

-.00

-.09

-.22

-.00

1

-.32**

.11

-.29*

-.31**

-.21

.38**

.12

-.43

.17

.32**

.19

-.37**

-.43

1

.37**

.73**

.66**

.29*

-.65**

-.37**

-.23

-.38**

-.6**

-.11

.54**

.20

1

-.08

.15

-.45**

-.2

-.01

-.55**

-.53**

.03

.31*

-.6

-.14

1

-16

.20

-.77**

-.47**

-.02

-.04

-.76

-.42**

.42**

.13

1

.32**

-.29*

-.08

-.04

-.27*

-.23

.19

.45**

.27*

1

-.08

-.1

.24*

.02

-.09

-.25*

.42**

.29*

1

.39**

.00

.11

.78**

.23

-.35**

-.06

1

-.08

-.12

.42**

.65**

-.35**

-.22

1

.72**

.01

-.13

-.05

.05

1

.08

-.16

-.27*

-.01

1

.32**

-.36**

-.11

1

-.25*

-.01

1

.45**

10. TFEQ-CRS
11. DEBQ-RES
12. DEBQ-EES2
13. DEBQ-EES
14. BRS
15. BAQ

1

Note: IES1: Unconditional permission to eat. IES2: Eating for physical rather than emotional. IES3: Reliance on hunger and satiety cues. IES4: Body-food
choice congruence.
Note: **. Correlation is significant at the .01 level (2-tailed). *. Correlation is significant at the .05 level (2-tailed).
Note: Numbers in the top row of the table are similar items as the variables in the left column.
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Correlation between Interoception and Intuitive Eating scale in different genders:
Independent t-test was performed to test the difference between interoceptive
abilities between male and female students. The mean scores of body awareness were
4.91±0.77 in males and 4.68±0.72 in females. The mean scores of body responsiveness
were 5.11±2.00 and 4.55±0.97 in males and females respectively. There was no
statistically significant difference between the body awareness score means (P = .236);
however, the mean difference for body responsiveness scores appeared to be significant (t
= 2.27, P = .027) with male students showing a higher score. Table 21 presents the
intuitive eating scores in different genders. The t-test showed that the only significant
difference was in eating for physical rather than emotional scores between male and
female college students (t = 2.17, P = .033).
Table 21.
Intuitive eating scores in male and female college students
Intuitive eating
subscales

Genders

N

Mean

Standard
Deviation

Total intuitive
eating score

Male
Female

25
41

3.57
3.36

0.49
0.48

Unconditional
permission to eat

Male
Female

25
41

3.35
3.43

0.96
0.84

Eating for physical
rather than
emotional

Male
Female

25
41

3.53
3.03

0.95
0.88

Reliance on hunger
and satiety cues

Male
Female

25
41

3.84
3.64

0.85
0.72

Body-food choice
congruence

Male
Female

25
41

3.56
3.54

0.82
0.95

Note: N=sample size.

59

We used multiple linear regression to test the correlation between interoception
and intuitive eating subscales. Since gender had no significant effect on the correlation
with unconditional permission to eat facet, and resulted into negative Adjusted R2, it was
taken out from that model. The results from multiple linear regression analysis presented
in table 22, indicate the significant positive relationship between interocpetion, total
intuitive eating scores (F = 8.57, P < .001; R2 = 0.293, Adj-R2 = 0.259), reliance on
hunger and satiety cues (F = 5.31, P = .003; R2 = 0.204, Adj-R2 = 0.166), body-food
choice congruence (F = 5.29, P = .003; R2 = 0.204, Adj-R2 = 0.165), and eating for
physical rather than emotional reasons (F = 5.40, P = .002; R2 = 0.207, Adj-R2 = 0.169).
The findings show that the impact of gender is not significant in this model and intuitive
eating may have less to do with body awareness compared to body responsiveness.
Table 22.
Multiple linear regression results between interoception and intuitive eating subscales in
college students
Variables

B

SE B

β

t

P

Total intuitive eating
score
Body awareness

-0.03

0.08

-0.05

-0.43

.667

Body responsiveness

0.26

0.06

0.54

4.39

.000

Gender

-0.06

0.11

-0.06

-0.58

.566

Reliance on hunger and satiety cues
Body awareness

0.08

0.13

0.08

0.60

.549

Body responsiveness

0.32

0.10

0.41

3.14

.003
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F

Sig.

R2 (Adj- R2)

8.57

.000

0.293 (0.259)

5.31

.003

0.204 (0.166)

Gender

-0.00

0.19

-0.00

-0.01

.993

Body-food choice congruence
Body awareness

0.16

0.15

0.13

1.05

.300

Body responsiveness

0.35

0.12

0.39

3.00

.004

Gender

0.22

0.22

0.12

1.01

.318

Eating for physical rather than emotional reasons
Body awareness

-0.09

0.16

-0.07

-0.59

.557

Body responsiveness

0.38

0.12

0.41

3.17

.002

Gender

-0.31

0.22

-0.16

-1.36

.177

Unconditional permission to eat
Body awareness

-0.17

0.17

-0.14

-1.01

.317

Body responsiveness

0.00

0.12

0.01

0.04

.968

5.29

.003

0.204 (0.165)

5.40

.002

0.207 (0.169)

0.42

.736

0.019

Regression analysis between interoceptive abilities and intuitive eating scores
between different genders revealed that there was a significant positive correlation
between interoception (BRS), total intuitive eating scores (F = 8.06, P = .001; R2 = 0.298,
Adj-R2 = 0.261), eating for physical rather than emotional reasons scale (F = 4.09, P =
.024; R2 = 0.177, Adj-R2 = 0.134), reliance on hunger and satiety cues score (F = 5.07, P
= .011; R2 = 0.211, Adj-R2 = 0.169), and body-food choice congruence (F = 4.45, P =
.018; R2 = 0.190, Adj-R2 = 0.147) among female students. Male students showed no
significant relationship between interoception and intuitive eating subscales.
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Correlation between Interoception and different eating behaviors in different
genders:
Eating behavior scores obtained from TFEQ and DEBQ questionnaires are
presented in table 23. T-test comparison signified the mean difference between only one
variable from TFEQ (emotional eating) between male and female students (t = -2.09, P =
.041) which was shown to be higher among females.
Table 23.
Eating behaviors scores in male and female college students
Eating Behaviors

Gender

N

Mean

TFEQ-Emotional
eating

Male
Female

25
41

34.22
48.78

Standard
Deviation
28.67
26.74

TFEQUncontrolled
eating
TFEQ-Cognitive
restraint

Male
Female

25
40

41.37
38.83

16.17
14.91

Male
Female

25
41

41.11
43.63

15.04
17.37

DEBQ-restraint
eating

Male
Female

25
41

2.04
2.25

0.66
0.77

DEBQ-Emotional
eating

Male
Female

25
41

2.17
2.55

0.97
0.84

DEBQ-External
eating

Male
Female

25
41

3.40
3.47

0.64
0.71

Note: N=sample size.

Table 24 indicates the results from multiple linear regression to examine the
correlation between interoception and different eating behaviors when controlled for
gender. The findings indicated that there was a slight effect of gender and body
awareness on the students’ eating behaviors, however, body responsiveness seems to
have a significant effect in this model. There was a significant negative correlation
between interoception and TFEQ emotional eating scale (F = 3.89, P = .013; R2 = 0.158,
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Adj-R2 = 0.118), DEBQ emotional eating scale (F = 3.66, P = .017; R2 = 0.150 Adj-R2 =
0.109), and TFEQ uncontrolled eating scale (F = 3.95, P = .012; R2 = 0.163 Adj-R2 =
0.121).
Table 24.
Multiple linear regression results between interoception and different eating behaviors in
college students
Variables

B

SE B

β

t

P

TFEQ Emotional Eating Scale
Body awareness

4.61

4.97

0.12

0.93

.357

Body responsiveness

-9.86

3.75

-0.35

-2.63

.011

Gender

10.04

6.99

0.17

1.44

.156

TFEQ Uncontrolled Eating Scale
Body awareness

-1.56

2.70

-0.08

-0.58

.566

Body responsiveness

-5.58

2.04

-0.37

-2.74

.008

Gender

-6.11

3.81

-0.19

-1.60

.114

TFEQ Cognitive Restraint Scale
Body awareness

2.10

3.12

0.09

0.67

.504

Body responsiveness

-1.52

2.29

-0.09

-0.66

.509

DEBQ Restraint Eating
Body awareness

0.14

0.13

0.14

1.06

.292

Body responsiveness

-0.23

0.10

-0.31

-2.25

.0128
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F

Sig.

R2 (Adj- R2)

3.89

.013

0.158 (0.118)

3.95

.012

0.163 (0.121)

0.31

.737

0.010

2.11

.108

0.093 (0.049)

Gender

0.11

0.19

0.07

-.56

.574

DEBQ Emotional Eating
Body awareness

0.09

0.16

0.07

0.57

.570

Body responsiveness

-0.33

0.12

-0.37

-2.71

.009

Gender

0.22

0.22

0.12

0.98

.329

DEBQ External Eating
Body awareness

0.12

0.12

0.13

0.99

.327

Body responsiveness

-0.21

0.09

-0.32

-2.25

.028

Gender

-0.02

0.18

-0.01

-0.11

.913

3.66

.017

0.150 (0.109)

1.76

.165

0.078 (0.034)

In addition, we looked at the effect of interoception on different eating behaviors
in male and female college students separately. The results showed that there was a
negative correlation between interoception, TFEQ uncontrolled eating scale (F = 9.95, P
< .001; R2 = 0.350, Adj-R2 = 0.315), DEBQ emotional eating scale (F = 3.48, P = .041;
R2 = 0.155, Adj-R2 = 0.110), and DEBQ external eating scale (F = 4.49, P = .018; R2 =
0.191, Adj-R2 = 0.148) in female students. Furthermore, there was a negative association
between interoception and DEBQ restraint eating scale (F = 5.11, P = .015; R2 = 0.317,
Adj-R2 = 0.255) in male students. BAQ did not seem to have a significant impact on
eating behaviors (P > .05).
Correlation between interoception, intuitive eating, and different eating behaviors
on self-regulation in different genders:
Multiple linear regression analysis was used to investigate the effect of
interoception on COMPXdev scores using gender as a control variable. The results

64

presented that the relationship between interoception and COMPXdev scores is
statistically significant (F = 5.56, P = .002; R2 = 0.247, Adj-R2 = 0.202) with gender
indicating a significant effect (P < .001). Additionally, only the effect of total intuitive
eating scores (F = 9.20, P < .001; R2 = 0.261, Adj-R2 = 0.233) and one intuitive eating
subscales (unconditional permission to eat) on COMPXdev scores seems to be statistically
significant with gender having a strong effect on the model (F = 10.22, P < .001; R2 =
0.282, Adj-R2 = 0.255). Among eating behaviors, higher TFEQ cognitive restraint scale
was shown to have statistically significant association with poorer COMPXdev when
controlled for genders (F = 8.67, P = .001; R2 = 0.250, Adj-R2 = 0.221). Gender had a
significant effect in the model (negatively) (P < .001). Table 25 presents the details.
Table 25.
Regression analysis results showing the significant associations between eating
behaviors and cognitive abilities on COMPX
Variables

B

SE B

β

t

P

COMPX
Gender

-69.63

18.32

-0.49

-3.80

.000

Body
responsiveness

-12.33

9.56

-0.18

-1.30

.198

Body awareness

16.09

12.51

0.18

1.29

.204

COMPX
Gender

-71.12

17.28

-0.49

-4.12

.000

Total intuitive
eating score

-31.24

16.72

-0.23

-1.87

.067

COMPX
Gender

-62.02

16.89

-0.43

-3.67
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.001

F

Sig.

R2 (Adj-R2)

5.56

.002

0.247 (0.202)

9.20

.000

0.261 (0.233)

10.22

.000

0.282 (0.255)

Unconditional
permission to
eat

-20.65

9.15

-0.27

-2.26

.028

COMPX

8.67

Gender

-69.94

17.36

-0.49

-4.03

.000

TFEQ cognitive
restraint

19.37

11.90

0.19

1.63

.110

.001

0.250 (-.221)

The findings from looking at the correlation between self-regulation and
interocpetion after splitting the data into males and females showed that there was no
significant relationship between the variables in neither of the genders. No significant
association was found between COMPXdev and intuitive eating subscales. However,
better COMPXdev scores seemed to be significantly associated with lower cognitive
restraint scale (TFEQ) (F = 4.95, P = .037; R2 = 0.191) and DEBQ restraint eating (F =
4.70, P = .042; R2 = 0.183) in male students.
Correlation between Interoception and Intuitive Eating in different BMI categories:
The mean scores of interoceptive abilities were compared between UN/NO and
OV/OB students. BAQ mean scores were 4.78±0.76 in UN/NO and 4.75±0.71 in OV/OB
students. The mean scores of BRS appeared to be 4.90±1.03 in UN/NO and 4.48±0.93 in
OV/OB college students. The mean comparison showed no difference between groups.
Table 26 indicated the details of intuitive eating scores in different BMI categories.
Independent t-test was performed to compare the intuitive eating score means between
different BMI categories. UN/NO students showed a higher score in reliance on hunger
and satiety cues (t = 3.36, P = .001) and body-food choice congruence (t = 2.02, P =
.048).
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Table 26.
Intuitive eating scores in UN/NO and OV/OB college students
Intuitive eating
subscales

BMI cat.

N

Mean

Standard
Deviation

Total intuitive
eating score

UN/NO
OV/OB

44
22

3.56
3.20

0.43
0.53

Unconditional
permission to eat

UN/NO
OV/OB

44
22

3.50
3.19

0.96
0.68

Eating for physical
rather than
emotional
Reliance on hunger
and satiety cues

UN/NO
OV/OB

44
22

3.27
3.12

0.88
1.03

UN/NO
OV/OB

44
22

3.93
3.29

0.66
0.83

Body-food choice
congruence

UN/NO
OV/OB

44
22

3.70
3.24

0.92
0.78

Note: N=sample size.

We examined the effect of interoception on intuitive eating scores using BMI
categories as a control variable. Based on the results of this regression we found no
significant correlation between interoception and uncontrolled permission to eat (P =
.335); however, there were significant correlations between interoception and total
intuitive eating (F = 9.05, P < .001; R2 = 0.305, Adj-R2 = 0.271), reliance on hunger and
satiety cues (F = 9.42, P < 0.001; R2 = 0.313, Adj-R2 = 0.280) with BMI having a
significant effect in the model (P = .003), body food choice congruence (F = 5.26, P =
.003; R2 = 0.203, Adj-R2 = 0.164), and eating for physical rather than emotional (F =
5.79, P = .001; R2 = 0.219, Adj-R2 = 0.181). Details are presented in table 27.
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Table 27.
Multiple linear regression results between interoception and intuitive eating subscales in
college students
Variables

B

SE B

β

t

P

Total intuitive eating
score
Body awareness

-0.02

0.08

-0.03

-0.29

.772

Body responsiveness

0.25

0.06

0.52

4.28

.000

BMI

-0.01

0011

-0.13

-1.17

.247

Reliance on hunger and satiety cues
Body awareness

0.12

0.12

0.12

0.99

.328

Body responsiveness

0.24

0.09

0.32

2.63

.011

BMI

-0.06

0.02

-0.34

-3.13

.003

Body-food choice congruence
Body awareness

0.17

0.15

0.14

1.12

.269

Body responsiveness

0.29

0.12

0.33

2.53

.014

BMI

-0.02

0.02

-0.11

-0.96

.339

Eating for physical rather than emotional reasons
Body awareness

-0.12

0.16

-0.09

-0.73

.465

Body responsiveness

0.47

0.12

0.51

3.91

.000

BMI

0.04

0.02

0.19

1.67

.099

Unconditional permission to eat
Body awareness

-0.14

0.17

-0.12

-0.85

.398

Body responsiveness

-0.04

0.12

-0.04

-0.32

.752
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F

Sig.

R2 (Adj-R2)

9.05

.000

0.305 (0.271)

9.42

.000

0.313 (0.280)

5.26

.003

0.203 (0.164)

5.79

.001

0.219 (0.181)

1.15

.335

0.053 (0.007)

BMI

-0.04

0.02

-0.19

-1.48

.143

We split the 2 BMI categories and looked at the effect of interoception on each
intuitive eating facet separately in which we found no significant effect from BAQ (P >
.05). OV/OB group appeared to have a significant positive relationship between
interoception and eating for physical rather than emotional (F = 8.92, P = .002; R2 =
0.484, Adj-R2 = 0.430). On the other hand, UN/NO students showed a significant positive
relationship between interoception, reliance on hunger and satiety (F = 4.38, P = .019; R2
= 0.176, Adj-R2 = 0.136), and body food choice congruence (F = 4.69, P = .015; R2 =
0.186, Adj-R2 = 0.146). Both UN/NO (F = 3.91, P = .028; R2 = 0.160, Adj-R2 = 0.120)
and OV/OB (F = 10.76, P = .001; R2 = 0.531, Adj-R2 = 0.482) groups appeared to have a
significant positive correlation between total intuitive eating scores and interocpetion
with OV/OB showing a stronger association.
Correlation between Interoception and eating behaviors in different BMI
categories:
The mean eating behavior scores were compared between different BMI
categories using independent t-test. The results from the analysis showed that OV/OB
students showed a higher score in DEBQ-restraint eating (t = -2.98, P = .004). Table 28
shows the details of the eating behavior scores.
Table 28.
Eating behaviors scores in different BMI categories in college students
Eating Behaviors

BMI cat.

N

Mean

TFEQ-Emotional
eating

UN/NO
OV/OB

44
22

40.91
47.98
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Standard
Deviation
29.33
25.75

TFEQUncontrolled
eating
TFEQ-Cognitive
restraint

UN/NO
OV/OB

44
21

39.91
39.58

16.78
12.12

UN/NO
OV/OB

44
22

40.28
47.47

16.43
15.78

DEBQ-restraint
eating

UN/NO
OV/OB

44
22

1.99
2.53

0.68
0.70

DEBQ-Emotional
eating

UN/NO
OV/OB

44
22

2.31
2.60

0.80
1.08

DEBQ-External
UN/NO
eating
OV/OB
Note: N=sample size.

44
22

3.47
3.39

0.75
0.52

The results from the regression analysis presented that BMI has a slight nonsignificant effect on the association between interoception, TFEQ, and DEBQ subscales;
however there seems to be a significant effect of BMI on interocpetion and restraint
eating behavior (P = .004). Interoception showed significant correlations with TFEQ
emotional eating (F = 4.72, P = .012; R2 = 0.130), TFEQ uncontrolled eating scales (F =
3.10, P = .033; R2 = 0.131, Adj-R2 = 0.089), DEBQ-restraint eating (F = 5.35, P = .002;
R2 = 0.206, Adj-R2 = 0.167), and DEBQ emotional eating (F = 3.52, P = .020; R2 = 0.146,
Adj-R2 = 0.104). Table 29 presents the details of the results.
Table 29.
Multiple linear regression results between interoception and different eating behaviors in
college students
Variables

B

SE B

β

t

P

TFEQ Emotional Eating Scale
Body awareness

4.50

5.08

0.12

0.88

.379

Body responsiveness

-11.26

3.82

-0.40

-2.95

.005

BMI

-0.12

0.74

-0.02

-0.16

.875
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F

Sig.

R2 (Adj-R2)

3.10

.033

0.131 (0.089)

TFEQ Uncontrolled Eating Scale
Body awareness

-1.29

2.77

-0.06

-0.45

.643

Body responsiveness

-5.06

2.08

-0.34

-2.43

.018

BMI

-0.20

0.41

-0.06

-0.49

.622

TFEQ Cognitive Restraint Scale
Body awareness

1.52

3.09

0.07

0.49

.625

Body responsiveness

-0.56

2.33

-0.03

-0.24

.811

BMI

0.78

0.45

0.22

1.72

.091

DEBQ Restraint Eating
Body awareness

0.09

0.13

0.10

0.78

.436

Body responsiveness

-0.17

0.09

-0.24

-1.81

.075

BMI

0.06

0.02

0.35

3.03

.004

DEBQ Emotional Eating
Body awareness

0.10

0.16

0.08

0.62

.535

Body responsiveness

-0.38

0.12

-0.42

-3.11

.003

BMI

-0.02

0.02

-0.09

-0.79

.434

DEBQ External Eating
Body awareness

0.14

0.12

0.16

1.15

.256

Body responsiveness

-0.24

0.09

-0.36

-2.59

.012

BMI

-0.02

0.02

-0.17

-1.36

.177

3.06

.035

0.131 (0.088)

1.19

.319

0.055 (0.009)

5.35

.002

0.206 (0.167)

3.52

.020

0.146 (0.104)

2.43

.074

0.105 (0.062)

Looking at the effect of interoception on different eating behaviors in different
BMI categories separately signifies that in OV/OB group, interoception is negatively
corelated with TEEQ emotional eating (F = 17.94, P < .001; R2 = 0.654, Adj-R2 = 0.617)
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and DEBQ emotional eating (F = 4.86, P = .020; R2 = 0.338, Adj-R2 = 0.269). No
significant association was found in UN/NO (P > .05).
Correlation between interoception, intuitive eating, and different eating behaviors
on self-regulation in different BMI categories:
Findings showed that there was a significant negative correlation between
COMPXdev and one of intuitive eating subscales (unconditional permission to eat) (F =
5.63, P = .021; R2 = 0.096). However, the multiple regression analysis results showed that
interoception and different eating behaviors are not significantly correlated with
COMPXdev when controlled for BMI (P = .444). Among intuitive eating subscales,
unconditional permission to eat seemed to have a higher negative effect on COMPXdev (F
= 3.11, P = .053; R2 = 0.107), but it was marginally significant. Details are presented in
table 30. When looking at the association between self-regulation and intuitive eating
subscales in different BMI categories, we found that COMPXdev is negatively associated
with unconditional permission to eat in OV/OB students (F = 6.97, P = .018; R2 = 0.551).
No significant correlation was found when using eating behaviors in the model.
Table 30.
Regression analysis results showing the significant associations between eating
behaviors and cognitive abilities on COMPX
Variables

B

SE B

β

t

P

COMPX
BMI

20.56

21.26

0.14

0.97

.338

Body
responsiveness

-0.18

10.58

-0.003

-0.02

.987

Body awareness

15.65

14.25

0.17

1.09

.277
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F

Sig.

R2 (Adj- R2)

0.91

.444

0.051 (-0.005)

COMPX

3.11

BMI

15.76

19.92

0.10

0.79

.432

Unconditional
permission to eat

-22.80

10.27

-0.29

-2.22

.031

.053

0.107 (0.072)

Mediation test:
A hierarchical multiple regression analysis was conducted to test the hypothesis
that the students’ self-regulation of food intake is affected by interoception indirectly
with intuitive eating or eating behaviors as mediators when controlled for gender. Since
only the total intuitive eating scores, unconditional permission to eat and restraint eating
scores were significantly correlated with COMPXdev, we did not use the other variables in
the model. In addition, because PROCESS syntax does not recognize 2 variables as
independent variables, only body responsiveness was used as X since body awareness did
not show any significant associations with any of the variables. First, we used total
intuitive eating scores as a mediator and the results are as followed: in step 1 of the
mediation model, the regression of body responsiveness with self-regulation, when
ignoring the effect of the mediator, was not significant, B = -7.14, t = -0.83, P = .410.
Step 2 indicated that regression of body responsiveness on the mediator, total intuitive
eating scores, was significant B = 0.25, t = 4.25, P < .001. Step 3 of the mediation process
showed that the mediator (total intuitive eating scores), controlling for body
responsiveness was not significant B = -32.35, t = -1.65, P = .105. Step 4 showed that,
controlling for the mediator (intuitive eating), body responsiveness was not significant
predictor of self-regulation of food intake, B = 1.10, t = 0.11, P = .911. Sobel test found
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non-significant mediation in the model (z = -1.50, P = .133). In this case the effect size
was -8.24 (95% CI = -25.56 - 3.04).
Table 31.
Test of hypothesized mediator of total intuitive eating scores
Criteria

B

SE

t

P

Lower CI

Upper CI

Step 1: Effect of interoception on selfregulation when ignoring the mediator
(path c´).
Body responsiveness
Gender

-7.14
-70.62

8.59
18.42

-0.83
-3.83

.410
.000

-24.39
-107.58

10.12
-33.66

Step 2: Effect of interoception on the
mediator intuitive eating (path a).
Body responsiveness
Gender

0.25
0.001

0.06
0.13

4.25
0.01

.000
.989

0.13
-0.25

0.37
0.26

Step 3 and 4: Effect of the mediator
intuitive eating on self-regulation (path b)
and the indirect of interoception on selfregulation (path c).
Body responsiveness
Intuitive eating
Gender

1.10
-32.35
-70.57

9.82
19.59
18.12

0.11
-1.65
-3.89

.911
.104
.000

-18.62
-71.69
-106.95

20.82
6.99
-34.19

Indirect effect of X on Y

Effect

Lower
CI
-25.56

Upper
CI
3.04

SE

Z

P

5.48

-1.50

.133

-8.24
Note: SE = Standard Error. CI = Confidence Interval.

We replaced total intuitive eating scores with unconditional permission to eat and
tested the model again. In step 1, the regression of body responsiveness with selfregulation, when ignoring the effect of the mediator, was not significant, B = -7.14, t = 0.83, P = .410. Step 2 indicated that regression of body responsiveness on the mediator,
unconditional permission to eat scores, was also not significant B = -0.01, t = -0.08, P =
.937. However, step 3 of the mediation process showed that the mediator (unconditional
permission to eat), controlling for body responsiveness was significant B = -20.73, t = 2.26, P = .028. Step 4 showed that, controlling for the mediator (unconditional
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permission to eat), body responsiveness was not significant predictor of self-regulation of
food intake, B = -7.34, t = -0.89, P = .379. Sobel test found non-significant mediation in
the model (z = 0.07, P = .942). In this case the effect size was 0.20 (95% CI = -5.29 –
6.88).
Table 32.
Test of hypothesized mediator of unconditional permission to eat scores
Criteria

B

SE

t

P

Lower CI

Upper CI

Step 1: Effect of interoception on selfregulation when ignoring the mediator
(path c´).
Body responsiveness
Gender

-7.14
-70.62

8.59
18.42

-0.83
-3.83

.410
.000

-24.39
-107.58

10.12
-33.66

Step 2: Effect of interoception on the
mediator unconditional permission to
eat (path a).
Body responsiveness
Gender

-0.01
0.17

0.12
0.27

-0.08
0.66

.937
.511

-0.26
-0.36

0.24
0.71

Step 3 and 4: Effect of the mediator
unconditional permission to eat on
self-regulation (path b) and the
indirect of interoception on selfregulation (path c).
Body responsiveness
Unconditional permission to eat
Gender

-7.34
-20.73
-66.93

8.28
9.17
17.81

-0.89
-2.26
-3.76

.379
.028
.000

-23.96
-39.14
-102.69

9.27
-2.33
-31.19

Indirect effect of X on Y

Effect

Lower
CI
-5.29

Upper
CI
6.88

SE

Z

P

2.84

0.07

.942

0.20

Note: SE = Standard Error. CI = Confidence Interval.

To perform mediation analysis using eating behaviors as a mediator TFEQ
cognitive restraint eating score was used as it was the only eating behavior with a
significant correlation with COMPXdev. In step 1, the regression of body responsiveness
with self-regulation, when ignoring the effect of the mediator, was not significant, B = 7.14, t = -0.83, P = .410. Step 2 indicated that regression of body responsiveness on the
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mediator, cognitive restraint eating, was also not significant B = -0.58, t = -0.26, P =
.795. But, step 3 of the mediation process showed that the mediator (cognitive restraint
eating), controlling for body responsiveness was significant B = 1.13, t = 2.18, P = .034.
Step 4 showed that, controlling for the mediator (cognitive restraint eating), body
responsiveness was not significant predictor of self-regulation of food intake, B = -6.48, t
= -0.78, P = .439. Sobel test found non-significant mediation in the model (z = -0.24, P =
.813). In this case the effect size was -0.66 (95% CI = -6.46 – 5.51).
Table 33.
Test of hypothesized mediator of cognitive restraint eating scores
Criteria

B

SE

t

P

Lower CI

Upper CI

Step 1: Effect of interoception on selfregulation when ignoring the mediator
(path c´).
Body responsiveness
Gender

-7.14
-70.62

8.59
18.42

-0.83
-3.83

.410
.000

-24.39
-107.58

10.12
-33.66

Step 2: Effect of interoception on the
mediator cognitive restraint eating
(path a).
Body responsiveness
Gender

-0.58
4.14

2.21
4.74

-0.26
0.87

.795
.387

-5.02
-5.37

3.86
13.65

Step 3 and 4: Effect of the mediator
cognitive restraint eating on selfregulation (path b) and the indirect of
interoception on self-regulation (path
c).
Body responsiveness
Cognitive restraint eating
Gender

-6.48
1.13
-75.32

8.31
0.52
17.92

-0.78
2.18
-4.20

.439
.033
.000

-23.16
0.09
-111.29

10.20
2.18
-39.35

Indirect effect of X on Y

Effect

Lower
CI
-6.64

Upper
CI
5.51

SE

Z

P

2.78

-0.24

.813

-0.66

Note: SE = Standard Error. CI = Confidence Interval.
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Aim 3: To examine the effect of mood change and intuitive eating on self-regulation
of food intake.
Hypothesis 3: Self-regulation is affected by both mood and intuitive eating skills.
Negative mood (e.g. stressed or sad) and lower intuitive eating score will decrease
college students’ COMPX scores.
Generally, the average of overall mood scores between both sessions (n = 60)
showed that after watching the emotional movie, 69.6% of males and 83.9% of females
showed a mood change. The average overall mood change between both visits was 2.021±2.752 in males and -3.057±3.533 in females. The items in the mood questionnaire
were divided into 2 mood groups including positive and negative moods (8 items each).
The average positive mood change was -0.304±0.431 and -0.467±0.377 in males and
females respectively. The average negative mood change was 0.188±0.468 in males and
0.130±0.376 in female students. For all the mood related analysis, all 3 forms of average
mood changes including overall, positive, and negative mood changes were examined
independently. However, negative mood change did not seem to be significantly
correlated with any nutrient intake in different genders or BMI categories.
Self-regulation and mood change:
The analysis showed that overall mood change (n = 55) seems to positively affect
self-regulation score among the college students however it was not significant (P =
.263). Emotional eating scores did not show any significant correlations with COMPXdev
scores (P = .399) with TFEQ and (P = .726) with DEBQ. We picked TFEQ emotional
eating scale since it showed a better correlation with self-regulation compared to DEBQ
emotional scale and tested the effect of mood on self-regulation controlled for emotional
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eating score. Findings showed a significant association in the model with gender having
the highest effect; however, the effect of mood and emotional eating scores was
marginally significant as shown in table 4.24 (F = 6.00, P = .001; R2 = 0.265, Adj-R2 =
0.221). In addition, we found significant correlations when replacing the total mood
change with positive mood change (F = 6.78, P = .001; R2 = 0.311, Adj-R2 = 0.265) or
negative mood change (F = 4.76, P = .005; R2 = 0.222, Adj-R2 = 0.176) with females
showing a more significant correlation. Details are shown in table 34.
Table 34.
Regression analysis results examining the effect of overall mood change, positive mood
change and negative mood change on COMPXdev controlled for emotional eating scores
and gender
Variables

B

SE B

β

t

P

COMPX
Average total mood
change

2.32

2.72

0.11

0.85

.397

Emotional eating
score

0.60

0.32

0.24

1.94

.058

Gender

-68.65

17.83

-0.48

-3.85

.000

COMPX
Average positive
mood change

37.88

23.77

0.20

1.59

.118

Emotional eating
score

0.88

0.36

0.32

2.44

.019

Gender

-73.79

19.33

-0.50

-3.82

.000

COMPX
Average negative
mood change

-7.42

21.28

-0.04

-0.35

.729

0.42

0.32

0.17

1.31

.195

Emotional eating
score
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F

Sig.

R2 (Adj-R2)

6.00

.001

0.265 (0.221)

6.78

.001

0.311 (0.265)

4.76

.005

0.222 (0.176)

Gender

-67.16

17.88

-0.49

-3.76

.000

Furthermore, female students showed that COMPXdev scores are positively
associated with average total mood change (F = 5.49, P = .026; R2 = 0.159) and average
positive mood change (F = 5.62, P = .025; R2 = 0.167). Male students showed no
significant association between COMPXdev and any mood change. When looking at the
correlations between mood change and self-regulation when controlled for emotional
eating scores between different genders separately, we found that the only significant
association was with overall mood change in female students (F = 3.39, P = .048; R2 =
0.195, Adj-R2 = 0.137).
No significant correlation was found between COMPXdev and mood change when
controlled for BMI categories (P = .237) or both BMI categories and emotional eating
scores (P = .412). A significant positive correlation was found between average positive
mood change and KJ energy intake among OV/OB students after consuming both the low
energy preload drink (F = 12.80, P = .003; R2 = 0.667) and the high energy preload drink
(F = 7.59, P = .014; R2 = 0.576). The association was not significant in UN/NO college
students neither in separated genders (P > .05).
Self-regulation, intuitive eating, and mood change:
Multiple regression analysis was performed to investigate the correlation between
intuitive eating and mood change on self-regulation. According to the results, poorer selfregulation of food intake is significantly associated with lower uncontrolled permission to
eat scores and higher positive mood change (F = 3.28, P = .047; R2 = 0.125, Adj-R2 =
0.087) and higher overall mood change (F = 4.37, P = .018; R2 = 0.146, Adj-R2 = 0.113).
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In the same model, there were higher number of significant correlations when controlled
for gender. The results indicated that mood change and all intuitive eating subscales were
significantly associated with self-regulation in food intake when controlled for genders.
Gender seems to have the strongest effect in the model. Furthermore, unconditional
permission to eat scores seemed to be the only subscale with a statistically significant
correlation in the model. Details are presented in table 35.
Table 35.
Regression analysis results examining the effect of mood change and intuitive eating on
COMPXdev controlled for gender
Variables

B

SE B

β

t

P

COMPX
Average mood
change

0.48

2.68

0.02

0.18

.859

Unconditional
permission to eat

-25.02

9.71

-0.31

-2.58

.013

Gender

-57.40

17.17

-0.40

-3.34

.002

COMPX
Average mood
change

1.74

2.80

0.08

0.08

.537

Eating for physical
rather than
emotional reasons

-3.00

9.50

-0.04

-0.04

.753

Gender
COMPX
Average mood
change

-63.71

18.75

-0.45

-0.45

.001

2.21

2.80

0.10

0.79

.434

Reliance on hunger
and satiety cues

-11.72

10.78

-0.14

-1.09

.282

Gender
COMPX
Average mood
change

-63.68

18.00

-0.45

-3.54

.001

2.01

2.83

0.09

0.71

.481
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F

Sig.

R2 (Adj-R2)

7.22

.000

0.302 (0.260)

4.46

.007

0.211 (0.164)

4.92

.005

0.228 (0.181)

4.56

.007

0.215 (0.168)

Body-food choice
congruence

-5.88

10.29

-0.07

-0.57

.570

Gender

-62.49

18.11

-0.44

-3.45

.001

When looking at the effect of mood change and intuitive eating scales on selfregulation of food intake when controlled for intuitive eating scores between genders, the
only significant association were shown to be with unconditional permission to eat (F =
5.13, P = .013, R2 = 0.268, Adj- R2 = 0.216) in female students.
We replaced gender by BMI categories in the same above-mentioned model and
the findings showed that higher mood change and lower unconditional permission to eat
score are significantly associated with lower ability to self-regulate when controlled for
BMI (F = 3.06, P = .037, R2 = 0.155, Adj- R2 = 0.104). When positive mood change was
used in the model, the association was marginally significant (F = 2.69, P = .058, R2 =
0.152, Adj- R2 = 0.095). Correlations were not significant when examined the model with
negative mood change or in different BMI categories separately. Table 36 presents the
details of the association between mood change, in intuitive eating and self-regulation of
food intake.
Table 36.
Regression analysis results examining the effect of mood change and intuitive eating on
COMPXdev controlled for BMI categories
Variables

B

SE B

β

t

P

COMPX
Average mood
change

2.41

3.03

0.11

0.79

.431

Unconditional
permission to eat

-26.65

10.94

-0.33

-2.44

.018
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F

Sig.

R2 (Adj-R2)

3.06

.037

0.155 (0.104)

BMI

14.85

20.51

0.09

0.72

.472

COMPX
Average mood
change

4.29

3.08

0.19

1.39

.171

Eating for
physical rather
than emotional
reasons

6.85

10.10

0.09

0.68

.501

BMI
COMPX
Average mood
change

28.66

21.13

0.19

1.36

.181

4.37

3.11

0.19

1.41

.166

Reliance on
hunger and satiety
cues

-3.67

12.84

-0.04

-0.29

.776

BMI
COMPX
Average mood
change

24.42

22.72

0.16

1.07

.288

4.36

3.12

0.19

1.40

.168

Body-food choice
congruence

-2.11

11.52

-0.03

-0.18

.855

BMI

26.07

21.50

0.17

1.21

.231

1.13

.346

0.063 (0.007)

0.99

.403

0.056 (0.000)

0.98

.410

0.055 (-0.001)

The results from looking at the correlation between positive and negative mood
change and intuitive eating on self-regulation with gender as a control variable indicated
that higher positive mood and lower intuitive eating scores are significantly correlated
with better self-regulation with gender having the highest effect on the model. On the
other hand, lower negative mood and lower intuitive eating scores are associated with
self-regulatory abilities in food consumption. However, when having eating for physical
rather than emotional reasons scores in the model, it shows that COMPX scores are
affected by higher intuitive eating scores and negative mood.
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Table 37.
Regression analysis results examining the effect of positive mood change and intuitive
eating on COMPXdev controlled for gender
Variables

B

SE B

β

t

P

COMPX
Average positive
mood change

20.22

24.37

0.11

0.83

.411

Unconditional
permission to eat

-19.42

10.14

-0.25

-1.91

.062

Gender

-59.39

19.13

-0.40

-3.10

.003

COMPX
Average positive
mood change

27.80

24.89

0.15

1.12

.270

Eating for
physical rather
than emotional
reasons
Gender
COMPX
Average positive
mood change

-5.99

10.89

-0.08

-0.55

.585

-65.10

20.81

-0.44

-3.13

.003

27.74

24.58

0.15

1.13

.265

Reliance on
hunger and
satiety cues
Gender
COMPX
Average positive
mood change

-13.51

11.51

-0.15

-1.17

.247

-63.23

19.62

-0.43

-3.22

.002

26.51

25.05

0.14

1.06

.269

Body-food
choice
congruence
Gender

-6.61

10.90

-0.08

-0.61

.547

-61.76

19.78

-0.42

-3.12

.003
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F

Sig.

R2 (Adj-R2)

5.81

.002

0.279 (0.231)

4.37

.009

0.226 (0.174)

4.83

.005

0.243 (0.193)

4.39

.009

0.227 (0.175)

Table 38.
Regression analysis results examining the effect of negative mood change and intuitive
eating on COMPXdev controlled for gender
Variables

B

SE B

β

t

P

COMPX
Average negative
mood change

0.21

0.65

0.04

0.33

.741

Unconditional
permission to eat

-19.16

9.08

-0.26

-2.11

.040

Gender

-57.93

16.96

-0.42

-3.42

.001

COMPX
Average negative
mood change

0.33

0.67

0.06

0.49

.626

Eating for
physical rather
than emotional
reasons
Gender
COMPX
Average negative
mood change

1.32

9.57

0.02

0.14

.891

-60.61

18.37

-0.44

-3.29

.002

0.29

0.68

0.5

0.43

.668

Reliance on
hunger and satiety
cues
Gender
COMPX
Average negative
mood change

-3.98

11.13

-0.05

-0.36

.722

-62.25

17.78

-0.45

-3.50

.001

0.31

0.67

0.06

0.46

.647

Body-food choice
congruence

-2.43

9.88

-0.03

-0.25

.807

Gender

-61.55

17.63

-0.45

-3.49

.001
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F

Sig.

R2 (Adj-R2)

5.89

.002

0.261 (0.217)

4.05

.012

0.196 (0.147)

4.09

.011

0.197 (0.149)

4.07

.012

0.196 (0.148)

CHAPTER V
DISCUSSION
Overview:
The purpose of this study was to examine the correlation between mood, internal
body signals, eating behaviors, and intuitive eating on self-regulation of food intake
among college students, 18-24 years of age. There were 3 aims in this study: first, to
assess self-regulation of food intake among college students using COMPX scores and
determine their correlation with BMI and gender; second, to investigate the relationship
between interoceptive ability, intuitive eating, different eating behaviors, and selfregulation of food intake in college students; and third, to examine the effect of mood
change and intuitive eating on self-regulation of food intake. In the current study, a
combination of objective methodology and questionnaires were used to validate the data.
This study primarily focuses on internal bodily signals of hunger and satiety and an
objective method was used to measure self-regulation of food intake via COMPX as data
collected from questionnaires may come with self-reported bias.116
Participants were 66 enrolled undergraduate college students who completed the
baseline questionnaires; with 60 students completing both trials (10% drop out ratio).
Students who participated in this study included both men (37.9%) and women (69.1%)
with a small age range between 18-24 years old and a mean age of 19.8 (SD = 1.43).
Additionally, the majority of participants were white (75.8%), Hispanic (74.2%) with a
reasonable distribution between college class standings including freshmen (19.7%),
sophomores (33.3%), juniors (28.8%), and seniors (18.2%). These sample characteristics
make our study sample unique when compared to similar studies in college students that

85

typically include a sample population of only one gender or include a small number of
Hispanic students with a large age range.32,95,123-125 The majority of the students were in
the normal weight category (63.6%) with a BMI of 18.5-24.9, 24.4% were overweight
(BMI: 25-29.9), 9.1% were obese (BMI ≥ 30), and 3% were underweight (BMI < 17.9).
BMI rates in our sample population seemed to be fairly similar to other studies done
among US college students; however, our study sample showed a slightly lower rate of
underweight students.188,189
Participants were asked to participate in 2 visits one week apart. During the visits
participating students completed questionnaires and anthropometrics measures were
taken. Then they were asked to watch an emotional movie, drink a preload drink 30
minutes prior to lunch, and were served an ad-libitum buffet style lunch with a variety of
food options where they were able to eat as much quantity and variety as they desired.
The exposure to a wide assortment of options provided the researchers with the
opportunity to examine the effect of calorie manipulation on participants’ food
choices.160,161 Mood change was measured by asking the participants to fill out a mood
questionnaire before and after watching the emotional movie. Food intake was measured
using plate weights and plates’ pictures taken before and after eating.162,163 In order to
have an accurate estimation of participants’ consumption and increase inter-rater
reliability, 2 trained researchers estimated the amount of leftover foods using pictures
taken before and after eating.190 Intraclass correlation coefficient results showed that in
general, there was a high reliability between the raters; however, the consumption
measures of pizza, turkey sandwich, grapes, and carrots had the highest inter-rater
reliability (similar portion estimation between the raters) and cookies had the lowest
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inter-rater reliability (dissimilar portion estimation between the raters). This may largely
be due to the raters’ acuity in visual estimation difficulties when food residuals are taken
into consideration (ie. cookie crumbles) as estimated leftovers are more accurate when
the appearance of the food and the picture of the food are indistinguishable.191 For
instance, a slice of pizza has a triangular shape lending itself better for geometric
approximation post consumption versus cookies which tend to crumble and leave
residuals that may affect the final plate weights.
Discussion of Hypotheses
Hypothesis 1: There will be a wide variety of self-regulation scores among college
students. Self-regulation will be varied in different BMI categories and genders.
In this study, we aimed to assess the ability of college students to self-regulate
their food intake. To assess self-regulation, we used COMPX, an objective measure of
self-regulation. Hypothesis 1 was supported by the findings of this study. Our results
showed that while students exhibited a wide range of compensation scores in food
consumption, females displayed higher self-regulatory skills during the calorie
manipulation trials. Most importantly, the results demonstrated a significant positive
correlation between BMI and self-regulation. Indeed, students with lower BMI showed
higher self-regulatory skills for food intake compared to OV/OB students, which may be
due to higher ability to detect and respond to their bodily signals of hunger and satiety.
To the best of our knowledge, this is the first study to examine self-regulation of food
intake among college students ages 18-24 using an objective methodology. By improving
our understanding of self-regulation of energy intake among college students, our
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findings may facilitate targeted interventions to improve food-related habits and prevent
weight change among young adults who transition to college.
Compensation scores were calculated to assess students’ ability to effectively
detect and respond to internal bodily eating related cues in response to calorie
manipulation known as self-regulation. According to the results, none of the participants
had a perfect (100%) compensation score or were able to demonstrate a perfect caloriefor-calorie compensation. In this study, a perfect calorie compensation would have
occurred if a participant consumed exactly 210 kcal (878.64 KJ) less during lunch after
drinking the high-energy preload drink compared to when they drank the low-energy
drink; that caloric difference being the exact difference between the low and high energy
preload drinks. Similar studies that used COMPX in children also showed, even though
young children appeared to have closer scores to 100% compared to college students,
there was no perfect compensation score for any of the participants.67,68,73,135,137,138
The range of COMPX scores were from -433.8% for students who ate more after
the high calorie preload (under compensation) to 362.38% for students who ate very little
during lunch (overcompensation) with the mean of 51.46% (SD = 140.91%). These
results demonstrate limited self-regulatory skills in calorie consumption among college
students. However, the average calorie intake seemed to be significantly higher during
the low calorie preload session compared to the high calorie preload session. This finding
indicates that college students may have the ability to calorie compensate to some degree.
Previous studies that assessed self-regulation in college students using focus groups
suggested that college students lacked self-regulation of food intake, which results in
adaptation to unhealthy eating behaviors. In addition, during the focus groups, students
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reported that the greatest barrier they face in order to keep a healthy weight in college is
the inability to self-regulate their energy consumption.103-105 Our results were consistent
with these findings by showing a wide range of self-regulatory skills in food consumption
scores in college aged participants.
To our knowledge there is only one study that has utilized COMPX to measure
compensation in adults 25-35 years old published by Birch and Deysher.73 In that study,
self-regulation was examined among both children and adults and the authors reported
clearer evidence of calorie compensation in children compared to adults. Birch and
Deysher73 suggested the possibility that adults may lose self-regulatory skills by ignoring
physiological hunger and satiety cues as individuals age. The lower levels of selfregulation in our study seem to reinforce these findings. Thus, further studies are needed
to understand the developmental patterns related to self-regulatory skills in food intake
and individuals age.
Another key finding in the current study was the relationship between gender and
self-regulation with females showing significantly better self-regulation than males. This
is relatively similar to previous studies that measured self-regulation in different genders
in college students via questionnaires or focus groups. The results of those studies
revealed that male students are more likely to engage with unhealthy eating behaviors
that leads to weight gain such as consuming more meals. On the other hand, female
students have a higher ability to adapt to healthy eating behaviors resulting in controlling
their calorie consumption.103,192,193 The evidence therefore suggests that food selfregulation may be gender dependent, yet more research is required to clarify this
relationship.
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Furthermore, the present study provides important information about the
correlation between students’ BMI and self-regulation. The mean self-regulation absolute
score among UN/NO and OV/OB students were 85.28 (SD = 61.68) and 107.57 (SD =
87.67), respectively, indicating that individuals with higher BMI scores had lower selfregulation of food consumption. We also examined calorie compensation which
represents self-regulatory abilities in food intake across the two conditions and found that
calorie compensation was only significant in the UN/NO group. In other words, students
who were UN/NO had a lower calorie consumption following the high energy preload
drink compared to the consumption following the low energy preload drink exhibiting
higher self-regulation in this group. Previous studies (many of which have been underpowered) have suggested that children with higher adiposity and elevated body weights
tended to have less evidence of self-regulatory capacity; however, the linear analysis
between BMI z-scores and COMPX scores did not seem to be statistically
significant.67,68,121,139,194 Another study in college students using survey methodology also
indicated no direct significant association between self-regulation and BMI.195
Interestingly, in contrast to those studies, we found that there was a significant positive
linear association between BMI and COMPX scores when we controlled for gender.
Similarly, the results from studies that measured self-regulation via a questionnaire
among undergraduate students, exhibited lower weight status for students with higher
ability to self-regulate their eating.196,197 Taking these analyses together, the results from
our study indicate that students who have a higher ability to identify their internal bodily
signals of hunger and satiety seem to exhibit lower BMIs.
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Finally, we investigated the effect of the calorie content of the preload drinks on
students’ energy intake during lunch by analyzing the food and nutrient consumption and
selection in both sessions. In examining overall selection during the lunch periods, we
found differences between genders and weight status. Male students had slightly higher
intake in most of the food items, and turkey sandwiches seemed to be a popular lunch
option among the various choices offered during the trial. Students who are OV/OB had
no changes in food choice or intake as a result of the calorie manipulation. However, the
UN/NO students selected more mac and cheese and broccoli after consuming the low
calorie preload drink when compared to the high calorie preload drink. This supported the
premise that college students with higher weights are thought to have lower selfregulation of food intake.198 Additionally, UN/NO students had a significantly higher
consumption of fiber, fat, and saturated fat following the low energy preload drink
compared to when they drank the high energy drink showing higher calorie
compensation. In one of the previous COMPX trials done in children, researchers found
that children showed similar intake of foods that were high in carbohydrates and fat in
both sessions despite the effect of the calorie content of the preload.194 Additionally, our
previous research, in children ages 4-10 years old, indicates that OV/OB children
consume a higher amount of fat intake after high energy preload when compared to
UN/NO children (Coccia C, Lovan P, Macchi A, et al. Unpublished data, 2020). It is
clear from both studies that there is lower self-regulation in OV/OB participants
compared to UN/NO. In general, OV/OB students had a higher intake of calorie dense
foods in our study. This may be the reason those college students have a higher weight
status as there is a positive correlation between calorie-dense and high fat food
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consumption and college weight gain.5 Lower self-regulation in OV/OB college students
may be one of the most important causes of weight gain during college years.4
Hypothesis 2: Students with lower interoceptive ability will have lower intuitive
eating scores, poorer scores in eating behaviors related to self-control, and lower
COMPX scores. The correlations are affected by different eating behaviors scores,
BMI, and gender.
The second hypothesis aims to discover if there is an association between
interoception, intuitive eating, eating behaviors, and self-regulation of food intake. In
addition, based on the findings from Hypothesis 1, these associations were compared
between different genders and different BMI categories (UN/NO and OV/OB) among
college students. The study results partially supported Hypothesis 2. Interoception,
known as the extent to which students are aware of and responsive to their hunger and
satiety cues, appeared to have a significant influence on some behavioral aspects of food
intake. Students with higher levels of interoception seem to have lower levels of
restricted eating and less response to emotional stimuli that may trigger overconsumption.
These abilities may lead to fewer numbers of uncontrolled and emotional eating episodes
in college students. Moreover, interoception was significantly associated with intuitive
eating skills, where individuals rely on physiological cues and bodily needs for energy
consumption. These relationships revealed to be more notable in female students;
however, in males interoception was directly correlated with cognitive restraint. In
addition, students with higher BMI scores had lower interoceptive abilities, higher levels
of emotional eating, and poorer self-regulation. They also were more likely to restrict
their food intake compared to students with lower BMI.
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First, we examined interoception. Studies have revealed that lower interoception
scores are associated with lower volitional control in calorie consumption.199,200 Our
results suggest these cognitive abilities may facilitate food choices based on
physiological signals. Therefore, individuals who rely on internal bodily signals when
hungry and satiated may experience better caloric self-regulation. When examining
gender difference in interoceptive ability, the results indicated a slight difference in
interoceptive awareness scores between genders. Male students had significantly better
interoceptive responsiveness scores compared to females, which is in line with previously
reported outcomes.201 Male students appeared to have a higher ability to respond to their
internal food intake commands, which may be why more males were classified as
UN/NO than females. In contrast to our study, a study that examined interoceptive
awareness in college aged population suggested that female college students may have
higher emotional distress when receptive to bodily signals, whereas males students find
their bodies more safe and appeared to concern less about their bodily sensations.202
Despite these findings, our study suggests that male college students seem to have a
better ability to respond to their bodily signals when compared to females. When looking
directly at interoception and weight, a study published by Herbert et al95,31 indicated that
higher sensitivity to bodily signals (measured objectively by heart rate) may improve
college students’ BMI status. However, our findings failed to show any significant
correlations between participants BMI and interoceptive abilities. It is possible that the
greater number of normal weight students in our sample population or the utilization of
questionnaires instead of an objective measure may have caused these conflicting
findings.
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Next we examined the correlation between interoception and intuitive eating. In
our study we found a significant correlation between interoception, and the intuitive
eating subscales: reliance on hunger and satiety cues, body-food choice congruence, and
eating for physical rather than emotional reasons along with the full intuitive eating score.
Two previous studies have examined the relationship between these variables finding
similar results.32,95 However, one study utilized an objective measure of interoception and
only showed correlations between interoceptive sensitivity and two subscales of intuitive
eating (reliance on hunger and satiety cues and eating for physical rather than emotional
reasons).95 The other study used a questionnaire to assess interoception similar to our
study and found significant relationships between interoceptive abilities and all the facets
of intuitive eating.32 In contrast, our study did not find a significant association between
interoception and unconditional permission to eat. One notable difference between our
study and the previous studies is that we utilized a newer measure to assess intuitive
eating which includes a fourth facet of intuitive eating called body-food choice
congruence. Body-food choice congruence examines the degree to which individuals are
able to choose food based on their bodily needs.123 All of the intuitive eating facets are
known to rely on acknowledging inner bodily commands.56 Hence, these findings
indicate that higher awareness and responsiveness to internal bodily cues may assist
students to focus on physiological needs and avoid external forces which improves their
ability to eat intuitively. Interestingly, in the present study, this correlation appeared to be
significant among female students not males. It is important to note that there were
different associations between interoception and intuitive eating when students were
classified by weight status. According to our findings, only UN/NO students exhibited a
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significant positive association between interoception, reliance on hunger and satiety
cues, and body-food choice congruence.
We also looked at the relationship between BMI and intuitive eating. Previous
findings in college students have shown that total intuitive eating scores are negatively
correlated with body weight.57,95,123,128 Comparing the mean scores of the intuitive eating
subscales between different BMI categories revealed that students who are UN/NO had
significantly higher intuitive eating scores, reliance on hunger and satiety cues, and bodyfood choice congruence compared to OV/OB students. Other studies have reported
negative correlations between reliance on hunger and satiety cues and BMI.95,123
However in contrast to our findings, these studies also noted a relationship between
eating for physical rather than emotional reasons and BMI. When looking at these
findings it is important to note that students weight status may be greatly impacted by
relying on physiological needs than environmental prompts. Students who have lower
BMI, seem to show a higher ability to recognize and trust their internal bodily demands,
which may also help them to avoid emotional triggers of overconsumption and weight
gain.
In addition to examining the relationship between interoception and intuitive
eating, we also examined the role of interoception on the various eating behaviors. The
association between interoception (both interoceptive awareness and responsiveness) and
eating behaviors has never been tested in college students before which makes our study
outcomes unique. Our findings demonstrated negative correlations between interoception
and the three eating behaviors; emotional eating, uncontrolled eating, and external eating.
Participants with higher levels of interoception, had lower levels of emotional and
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uncontrolled eating episodes as well as lower levels of external eating. When we
stratified by gender, these associations were only significant among females. In male
students, interoception was negatively correlated with cognitive restraint. Men are known
to have lower emotional eating and restraint eating scores than females, 203 which
corresponds to our findings showing that male students reported lower restraint eating
scores compared to female students.
In relation to weight status, OV/OB students had higher levels of cognitive
restraint when compared to their UN/NO peers. These results were similar to previous
reports that noted higher cognitive restraint eating in college students were correlated
with higher BMI scores.204 Moreover, emotional eating is reported to be higher in college
students who are OV/OB.204,205 We found a significant negative correlation between
interoception and emotional eating scores in OV/OB students. These results combined
may reveal the fact that practicing interoception, where individuals learn to detect and
respond to their internal commands, may assist students to control their weight during
college. However, further research is needed to clarify this association.
Finally, we examined the relationship between self-regulation, intuitive eating,
and eating behaviors. Our results showed that individuals who are able to self-regulate
energy intake may have higher ability to avoid eating restrictions (lower restraint
eating).101 Additionally, higher levels of unconditional permission to eat is related to
better self-regulation of food. This correlation has been found to be significant in male
college students. These results appeared to be different than a previous study that
examined the relationship between self-regulation and intuitive eating in which the
authors reported significant associations between self-regulation, eating for physical
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rather than emotional, and body-food choice congruence, not unconditional permission to
eat.195 Additionally, OV/OB students who had lower unconditional permission to eat
scores were more likely to have poorer self-regulatory skills. In light of this, dieting,
restrictions, and limiting food options purposefully did not seem to improve selfregulatory skills in our study. The ability to avoid restrictions in food choices may
facilitate regulations in calorie consumption which may lead to maintaining healthy body
weight in college students.
Finally, intuitive eating and eating behaviors were analyzed to see if they
mediated the relationship between interoception and self-regulation. Previous findings
have demonstrated the positive effect of intuitive eating on eating regulations.195,206 In
addition, intuitive eating has been shown to mediate the association between selfregulation and BMI.195 According to our findings, there was a significant direct effect of
interoception on self-regulation of food intake, thus, interoception may be a reliable
predictor for self-regulation in college students. On the other hand, higher unconditional
permission to eat and lower restraint eating appeared to improve self-regulatory skills.
However, the overall mediation analyses were not significant in this study showing that
there was no indirect correlation between interoception and self-regulation with intuitive
eating or eating behaviors as mediators.
Hypothesis 3: Self-regulation is affected by both mood and intuitive eating skills.
Negative mood (e.g. stressed or sad) and lower intuitive eating scores will decrease
college students’ COMPX scores.
The final hypothesis examined the role of mood and intuitive eating on the selfregulation of food intake in college students. This hypothesis was supported by our
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findings. Our findings revealed that while mood change may be considered a strong
predictor of self-regulation in college students, intuitive eating may play a role as well.
The results suggest that students' mood changes play an important role in their control of
food intake and that two subscales of intuitive eating; lower mood change and higher
unconditional permission to eat were associated with better self-regulation in calorie
consumption among college students. In other words, students who are able to allow
themselves to eat what they desire with no restrictions, have a better ability to improve
their energy intake. These effects may be further influenced by gender, as we also found
that female students exhibited greater mood changes as well as higher self-regulation of
food intake compared to male students. In addition, mood change seemed to have a
significant association with self-regulation only in female students. On the other hand, in
students with different weight status, self-regulation appeared to be influenced differently
by mood change. OV/OB students demonstrated poorer self-regulation affected by a
higher mood change when exposed to an emotional stimulus compared to UN/NO
students. These findings are important, as they may be advantageous in future weight
gain prevention programs for college students during a time where individuals may
experience dramatic emotional/mood changes.
This study used a movie to manipulate students’ emotions prior to the
compensation trials. Multiple studies have shown the effectiveness of watching a movie
and mood change in college students previously.71,152-154 We categorized participants into
3 groups based on the type of mood change they experienced after watching the movie;
average total mood change, positive mood change, and negative mood change.207 Our
results suggested that students' mood change played an important role in controlling their
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food intake. These results were similar to previous findings which demonstrated that
students who experienced higher emotional ups and downs showed lower self-regulatory
skills and consumed a higher amount of food/snacks.158,159 However, those studies were
done with limited food items (1 or 2 snack foods) whereas our study offered an unlimited
amount of food with a variety of food options via a buffet style lunch. This methodology
more closely imitated students’ daily life on campus. Consequently, higher emotional
changes seemed to make it difficult for the students to regulate their intake based on their
bodily physiological commands during the buffet paradigm.
When examining the role of gender, we found that females exhibited greater
mood changes. These outcomes align with previous studies,208,209 showing that female
students appeared to be more influenced by the emotional changes. Male students showed
lower emotional changes in general. Weight status also influenced the relationship
between mood and self-regulation in the current study. Our data showed that students
with higher BMI exhibited a higher food intake and poorer self-management in calorie
consumption whereas UN/NO students seemed to have better self-regulation when
exposed to a negative emotional stimulus. Students who are OV/OB also showed higher
emotional eating scores compared to UN/NO students, indicating their higher sensitivity
to emotional experiences which may lead to poorer self-regulation of food intake. A
previous observational study suggested that underweight individuals tend to undereat
while overweight individuals overeat during negative emotional states.210 Another study
that tested stress, mood, and stress-related eating behaviors among female college
students reported higher food consumption due to stress among obese students finding no
effect between food consumption and stress in normal weight students.211 Altogether, our
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findings contribute to the existing knowledge and suggest the importance of the possible
effect of emotional sensitivity and mood status on the ability to control healthy weights
among college students.
With regard to the relationship between mood, intuitive eating skills, and selfregulation of food intake, the results of the present study suggest that even though mood
change may have a strong impact on self-regulation in college students, intuitive eating
may also influence student’s intake. Self-regulation in college students seems to be
positively correlated with all the facets of intuitive eating, but unconditional permission
to eat appeared to have the highest effect when combined with mood change. This
association was significant only among female students which may be related to the way
each gender responds to negative emotions where females showed a higher mood change.
Similar to our results, a study by Lynch et al.45 found a positive relationship between
poor regulatory behaviors in food intake and negative emotions in females; however,
their findings did not suggest the same correlations in males. The current study reveals a
more congruent image by evaluating the effect of both variables on food intake showing
that higher emotional changes combined with lower unconditional permission to eat may
cause poorer self-regulatory skills in eating.
When BMI was in the model, there was a significant association between average
mood change, unconditional permission to eat, and self-regulation. Thus, higher
unconditional permission to eat and lower mood change appeared to be predictors for
self-regulation of food intake even when controlled for students BMI. However, this
association was not significant in OV/OB and UN/NO student groups separately.
Interestingly enough, when we examined the effect of positive mood change and negative
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mood change in the same model when controlled for students’ gender, all the correlations
seemed to be statistically significant. Both higher positive and negative mood change
seemed to affect student’s self-regulatory skills in a negative way causing poorer calorie
self-regulation. Other studies that compared food intake after positive and negative mood
indicated that negative mood may have a greater impact on higher food
consumption.212,213 In light of this information, college students seem to demonstrate
better self-control in calorie consumption where they show a higher connection with their
bodily prompts when hungry or satiated, allow themselves to eat, and experience less
emotional changes. However, further studies are needed to clarify the effect of different
emotions combined with intuitive eating on self-regulation of food intake.
Strengths and limitations:
This study has several strengths and limitations. The most noticeable strength of
the study is the sample size. In this study, 66 participants completed the baseline
measurements and 60 participants finished both trials successfully, which is greater than
the number of participants in previous studies using COMPX to measure selfregulation.67,73,134,135,214 In addition, a large portion of the population is Hispanic,
providing valuable insights into a group that has been underrepresented in this area of
research. Another strength is the use of buffet style lunch in this study. To date most
studies using the COMPX methodology has utilized a pre-set meal for each participant.
By using the buffet instead of a pre-set meal, researchers were able to offer a variety of
healthy and unhealthy options in the trials in order to examine student’s food choices in a
setting more akin to the real-world. Another strength of the study was using pictures and
weights to examine food intake during lunch. This methodology has been shown to be
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faster and more reliable in comparison with self-reported data or measuring food intake
in real time.215 Using 2 different raters to assess food consumption resulted in higher
inter-rater reliability and validity of the food intake data.
In regard to limitations, there was a larger proportion of female when compared to
male students, which may have underpowered the analyses among male students.
According to FIU’s gender reports, the student population contains 43% males and 57%
females.216 Nonetheless, the gender ratio in this study was representative of the student
population at the university where this study was conducted. Additionally, we know that
the effect of ambience is a significant factor in food intake and food choices.217 Thus,
students’ intake may have been influenced by the presence of the researchers or other
students or other environmental stimuli including the lighting and the smells.
Future direction:
The present study improves our understanding of the effects of cognitive and
visceral signals on college students’ food intake and eating behaviors. Our study
highlights the disadvantages of restrictive eating and dieting and its influence on higher
BMI and poorer self-regulation among college students. We used an objective
methodology to examine self-regulation in college students however the other variables
in this study were examined using questionnaires. Since results from questionnaires may
increase the chance of self-reported bias,116 future research can investigate the association
between similar variables where they are all collected via objective methods.
Additionally, to the best of our knowledge, COMPX has only been done in young
children, and there is very limited data regarding objective measure of self-regulation of
food intake among older individuals. More COMPX data from older children and adults,
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will provide the researchers with the opportunity to be able to create a developmental
pattern of regulatory skills in energy intake.
Another aim of this study was to determine the effect of negative/sad mood on
students’ self-regulatory skills in food consumption. In the future the effect of different
emotions such as happy/excited or neutral should be examined using the same group of
participants. Studies with larger sample sizes may be able to elucidate mediators and
mechanistic pathways for self-regulation, intuitive eating, and food-related behaviors
among college students. Moreover, in order to have a higher generalizability, further
similar studies should be done among college students with different races and
ethnicities.
Conclusion:
The current study validated the use of an unlimited buffet lunch paradigm to
assess self-regulation of food intake based on cognitive commands in college students.
This novel method provided complete autonomy for the students throughout the trials and
aided the researchers to also investigate participants’ food choices. Even though selfregulatory abilities in food consumption seems to be limited among college students, the
students showed the ability to calorie compensate. Internal bodily signals seem to play a
major role in controlling students’ energy intake as well as maintaining their healthy
weights. That may be the reason OV/OB students indicated lower ability to detect their
physiological cues followed by poorer self-regulation of food intake. Additionally, mood
change is another contributing factor in uncontrolled consumption in college students,
nevertheless, focusing on physiological commands seems to improve the effect of
emotional changes on self-regulation. Therefore, learning how to detect and respond to
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internal bodily cues may result in better self-regulatory skills in energy intake leading to
lower emotional and restraint eating behaviors, which may consequently increase dietary
quality of college students. Future research with a higher number of participants may
provide a clear mediation effect in this model.
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Appendix 2.
Consent Form

ADULT CONSENT TO PARTICIPATE IN A RESEARCH STUDY
THE EFFECT OF EMOTIONAL STATE, INTEROCEPTION, INTUITIVE EATING,
AND SELF-REGULATION ON THE ENERGY INTAKE OF COLLEGE STUDENTS

SUMMARY INFORMATION
Things you should know about this study:
•

•

•
•
•
•
•

Purpose: The purpose of the study is to determine the effect of current
emotions/mood, and internal bodily signals including intuitive eating, and
interoception, on self-regulation in food intake in college students.
Procedures: If you choose to participate, you will be asked to visit two times
one week apart to fill out some questionnaires, watch a movie, drink a cup of
juice and be served with lunch (buffet style). Your height, weight, body fat
percentage, and muscle mass will be measured as well.
Duration: This will take about 6-8 hours total.
Risks: The main risk or discomfort from this research is being uncomfortable to
eat in front of the other participants.
Benefits: Participants will receive a snack and lunch each time they participate
in the study. No other direct benefits will be provided.
Alternatives: There are no known alternatives available to you other than not
taking part in this study.
Participation: Taking part in this research project is voluntary.

Please carefully read the entire document before agreeing to participate.

PURPOSE OF THE STUDY
The purpose of the study is to determine the effect of current emotions/mood, and
internal bodily signals including intuitive eating, and interoception, on self-regulation in
food intake in college students.
NUMBER OF STUDY PARTICIPANTS
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If you decide to be in this study, you will be one of 60 people in this research study.
DURATION OF THE STUDY
Your participation will involve two visits during two weeks in a row. Each visit will take
3-4 hours.
PROCEDURES
If you agree to be in the study, we will ask you to do the following things:
• During the first visit:
o You will receive a snack 3 hours prior to the trial.
o You will complete a set of questionnaires
o Your weight, height, body fat percentage, and muscle mass will be
measured.
o You will be asked to watch a movie.
o You will drink a cup of juice after the movie, 30 minutes before lunch.
o You will be asked to answer one of the questionnaires again.
o You will be served with a buffet style lunch where you can eat as much as
you want.
• During the second visit:
o You will receive a snack 3 hours prior to the trial.
o You will complete one questionnaire
o You will be asked to watch a movie.
o You will drink a cup of juice after the movie, 30 minutes before lunch.
o You will be asked to answer the same questionnaire again.
o You will be served with a buffet style lunch where you can eat as much as
you want.
RISKS AND/OR DISCOMFORTS
The study has the following possible risks to you: You might not feel comfortable eating
in front of other people.
BENEFITS
Participants will receive a snack and lunch each time they participate in the study. No
other direct benefits will be provided.
ALTERNATIVES
There are no known alternatives available to you other than not taking part in this study.
Any significant new findings developed during the course of the research which may
relate to your willingness to continue participation will be provided to you.
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CONFIDENTIALITY
The records of this study will be kept private and will be protected to the fullest extent
provided by law. In any sort of report we might publish, we will not include any
information that will make it possible to identify you. Research records will be stored
securely, and only the researcher team will have access to the records. However, your
records may be inspected by authorized University or other agents who will also keep the
information confidential.
USE OF YOUR INFORMATION
Identifiers about you might be removed from the identifiable private information and
that, after such removal, the information could be used for future research studies or
distributed to another investigator for future research studies without additional informed
consent from you or your legally authorized representative.
COMPENSATION & COSTS
You will receive a 5 points extra credit if participating through Sona-system. You will
receive a $15 FIU gift card if you complete both trials.
RIGHT TO DECLINE OR WITHDRAW
Your participation in this study is voluntary. You are free to participate in the study or
withdraw your consent at any time during the study. You will not lose any benefits if you
decide not to participate or if you quit the study early. The investigator reserves the right
to remove you without your consent at such time that he/she feels it is in the best interest.
RESEARCHER CONTACT INFORMATION
If you have any questions about the purpose, procedures, or any other issues relating to
this research study you may contact Padideh Lovan at FIU, AHC-5, Dietetics and
Nutrition department, 786-260-2168, phadd001@fiu.edu.
IRB CONTACT INFORMATION
If you would like to talk with someone about your rights of being a subject in this
research study or about ethical issues with this research study, you may contact the FIU
Office of Research Integrity by phone at 305-348-2494 or by email at ori@fiu.edu.
PARTICIPANT AGREEMENT
I have read the information in this consent form and agree to participate in this study. I
have had a chance to ask any questions I have about this study, and they have been
answered for me. I understand that I will be given a copy of this form for my records.
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________________________________
Signature of Participant

__________________
Date

________________________________
Printed Name of Participant
________________________________
Signature of Person Obtaining Consent

__________________
Date
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Appendix 3.
IRB-Florida International University
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Appendix 4.
IRB Amendment-Florida International University
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Appendix 5.
Screening Form
1. Are you an FIU student?
a. No
b. Yes
2. Which program are you enrolled in?
a. Undergraduate
b. Graduate
3. Are you between 18-24 years of age?
a. No
b. Yes
4. Are you an FIU athlete?
a. No
b. Yes
5. Are you vegan?
a. No
b. Yes
6. Do you have any food allergies?
a. No
b. Yes
i. If yes, be specific ……………………………………………….
7. Which of the following movies have you watched before?
a. The boy in the striped pajamas
b. Hachi, a dog tale
c. Finding neverland
d. Never let me go
e. Marley and me
f. The fault in our stars
g. Me before you
h. None of them
8. You will be attending 2 trials for this study. Each trial takes approximately
3-4 hours (starting at 10:00 a.m.). What is your best availability?
a. Wednesday
b. Thursday
c. Friday
d. Saturday
e. Sunday
9. People who are pregnant, have been diagnosed with any health related
conditions such as diabetes, have recently been diagnosed with an eating
disorder, or are taking medications are not eligible for this study. Do you
have any of these conditions?
a. No
b. Yes
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i. Comments (if
needed):...........................................................................
10. Your contact information to provide you with more details about the time
and the dates of the trials:
Name:............................................................................................
Email address:...............................................................................
Phone number:...............................................................................
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Appendix 6.
Demographics Questionnaire
1. Gender
a. Male
b. Female
2. Age
a.
b.
c.
d.
e.
f.
g.

18
19
20
21
22
23
24

3. Race (Please select the one that best describes you)
a. White
b. Black or African American
c. Asian
d. American Indian
4. Ethnicity
a. Non-Hispanic
b. Hispanic or Latino
5. Class standing
a. Freshman
b. Sophomore
c. Junior
d. Senior
6. Marital status
a. Married
b. Single
c. Divorced
d. Separated
e. Widowed
7. Which of these describes your personal income last year?
a. Less than $25,000
b. $25,000 to $34,999
c. $35,000 to $49,999
d. $50,000 to $74,999
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e. More than $75,000
8. Physical activity level
a. Inactive (no activity beyond daily life)
b. Low (activity beyond daily life but fewer than 150 minutes a week)
c. Medium (150 minutes to 300 minutes a week)
d. High (more than 300 minutes a week)
9. Which of the following best describes your living arrangement?
a. On-campus dorms
b. Off-campus dorms
c. Apartment building, condo, house
10. Which of the following best describes your living arrangement?
a. By myself
b. With parents
c. With roommate/s
d. With my partner
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Appendix 7.
Dutch Eating Behavior Questionnaire (DEBQ)
For each item, please circle the answer that best characterizes your attitudes or behaviors.
1. If you have put on weight, do you eat less than you usually do?
1
2
3
4
5
Never
Very often
2. Do you try to eat less at mealtimes than you would like to eat?
1
2
3
4
5
Never
Very often
3. How often do you refuse food or drink offered because you are concerned
about your weight?
1
2
3
4
5
Never
Very often
4. Do you watch exactly what you eat?
1
2
3
4
5
Never
Very often
5. Do you deliberately eat foods that are slimming?
1
2
3
4
5
Never
Very often
6. When you have eaten too much, do you eat less than usual the following
days?
1
2
3
4
5
Never
Very often
7. Do you deliberately eat less in order not to become heavier?
1
2
3
4
5
Never
Very often
8. How often do you try not to eat between meals because you are watching
your weight?
1
2
3
4
5
Never
Very often
9. How often in the evening do you try not to eat because you are watching your
weight?
1
2
3
4
5
Never
Very often
10. Do you take into account your weight with what you eat?
1
2
3
4
5
Never
Very often
11. Do you have the desire to eat when you are irritated?
1
2
3
4
5
Never
Very often
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12. Do you have a desire to eat when you have nothing to do?
1
2
3
4
5
Never
Very often
13. Do you have a desire to eat when you are depressed or discouraged?
1
2
3
4
5
Never
Very often
14. Do you have a desire to eat when you are feeling lonely?
1
2
3
4
5
Never
Very often
15. Do you have a desire to eat when somebody lets you down?
1
2
3
4
5
Never
Very often
16. Do you have a desire to eat when you are cross?
1
2
3
4
5
Never
Very often
17. Do you have a desire to eat when you are approaching something unpleasant
to happen?
1
2
3
4
5
Never
Very often
18. Do you get the desire to eat when you are anxious, worries, or tense?
1
2
3
4
5
Never
Very often
19. Do have a desire to eat when things are going against you or when things
have gone wrong?
1
2
3
4
5
Never
Very often
20. Do you have a desire to eat when you are frightened?
1
2
3
4
5
Never
Very often
21. Do you have a desire to eat when you are disappointed?
1
2
3
4
5
Never
Very often
22. Do you have a desire to eat when you are emotionally upset?
1
2
3
4
5
Never
Very often
23. Do you have a desire to eat when you are bored or restless?
1
2
3
4
5
Never
Very often
24. If food tastes good to you, do you eat more than usual?
1
2
3
4
5
Never
Very often
25. If food smells and looks good, do you eat more than usual?
1
2
3
4
5
Never
Very often
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26. If you see or smell something delicious, do you have a desire to eat it?
1
2
3
4
5
Never
Very often
27. If you have something delicious to eat, do you eat it straight away?
1
2
3
4
5
Never
Very often
28. If you walk past the baker, do you have the desire to buy something
delicious?
1
2
3
4
5
Never
Very often
29. If you walk past a snack bar or a cafe, do you have the desire to buy
something delicious?
1
2
3
4
5
Never
Very often
30. If you see others eating, do you also have the desire to eat?
1
2
3
4
5
Never
Very often
31. Can you resist eating delicious foods?
1
2
3
4
5
Never
Very often
32. Do you eat more than usual, when you see others eating?
1
2
3
4
5
Never
Very often
33. When preparing a meal, are you inclined to eat something?
1
2
3
4
5
Never
Very often
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Appendix 8.
Three Factor Eating Questionnaire Revised-18 (TFEQ-R18):
From scale 1-4 (4 the highest) indicate how frequent is a certain behavior, or how true a
statement is for you?
1.

When I smell delicious food, I find it very difficult to keep from eating, even
if I have When I smell a sizzling steak or juicy piece of meat, I find it very
difficult to keep from eating, even if I have just finished a meal.
4
3
2
1
Definitely true
mostly true
mostly false
definitely false

2.

I deliberately take small helpings as a means of controlling my weight.
4
Definitely true

3.

1
definitely false

3
mostly true

2
mostly false

1
definitely false

3
mostly true

2
mostly false

1
definitely false

3
mostly true

2
mostly false

1
definitely false

When I see a real delicacy, I often get so hungry that I have to eat right away.
4
Definitely true

8.

2
mostly false

When I feel blue, I often overeat.
4
Definitely true

7.

3
mostly true

Being with someone who is eating often makes me hungry enough to eat also.
4
Definitely true

6.

1
definitely false

Sometimes when I start eating, I just can't seem to stop.
4
Definitely true

5.

2
mostly false

When I feel anxious, I find myself eating.
4
Definitely true

4.

3
mostly true

3
mostly true

2
mostly false

1
definitely false

I get so hungry that my stomach often seems like a bottomless pit.
4
Definitely true

3
mostly true

2
mostly false
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1
definitely false

I am always hungry so it is hard for me to stop eating before I finish the food
on my plate.
9.

4
Definitely true
10.

3
mostly true

3
mostly true

3
mostly true

1
definitely false

3
mostly true

2
mostly false

1
definitely false

2
3
4
sometimes between meals often between meals almost

How frequently do you avoid “stocking up” on tempting foods?
2
seldom

3
usually

4
almost always

How likely are you to consciously eat less than you want?
1
Unlikely

17.

2
mostly false

How often do you feel hungry?

1
Almost never
16.

1
definitely false

I am always hungry enough to eat at any time.

1
Only at mealtimes
always
15.

2
mostly false

3
mostly true

4
Definitely true
14.

1
definitely false

I do not eat some foods because they make me fat.
4
Definitely true

13.

2
mostly false

I consciously hold back at meals in order not to weight gain.
4
Definitely true

12.

1
definitely false

When I feel lonely, I console myself by eating.
4
Definitely true

11.

2
mostly false

2
slightly likely

3
moderately likely

4
very likely

Do you go on eating binges though you are not hungry?
1
Never

2
rarely

3
sometimes
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4
at least once a week

On a scale of 1 to 8, where 1 means no restraint in eating (eating whatever
you want, whenever you want it) and 8 means total restraint (constantly limiting
food intake and never “giving in”), what number would you give yourself?
18.

1

2

3

4
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5

6

7

8

Appendix 9.
Body Responsiveness Scale (BRS)
For each item, on a scale of 1 to 7, please circle the number that best describes your
answer.
1. I am confident that my body will let me know what is good for me.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
2. My bodily desires lead me to do things that I end up regretting.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
3. My mind and my body often want to do different things.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
4. I suppress my bodily feelings and sensations.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
5. I ‘listen’ to my body to advise me about what to do.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
6. It is important for me to know how my body is feeling throughout the day.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
7. I enjoy becoming aware of how my body feels.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
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Appendix 10.
Body Awareness Questionnaire (BAQ)
For each item, on a scale of 1 to 7, please circle the number that best describes your
answer.
1. I notice differences in the way my body reacts to various foods.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
2. I can always tell when I bumped myself whether or not it will become a bruise.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
3. I always know when I’ve exerted myself to the point where I’ll be sore the next
day.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
4. I am always aware of changes in my energy level when I eat certain foods.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
5. I know in advance when I’m getting the flu.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
6. I know I’m running a fever without taking my temperature.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
7. I can distinguish between tiredness because of hunger and tiredness because of
lack of sleep.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
8. I can accurately predict what time of day lack of sleep will catch up with me.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
9. I am aware of a cycle in my activity level throughout the day.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
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10. I don’t notice seasonal rhythms and cycles in the way my body functions.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
11. As soon as I wake up in the morning, I know how much energy I’ll have during
the day.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
12. I can tell when I go to bed, how well I will sleep that night.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
13. I notice distinct body reactions when I am fatigued.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
14. I notice specific body responses to change in the weather.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
15. I can predict how much sleep I will need at night in order to wake up refreshed.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
16. When my exercise habits change, I can predict very accurately how that will
affect my energy level.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
17. There seems to be a “best” time for me to go to sleep at night.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
18. I notice specific bodily reactions to being over hungry.
1
2
3
4
5
6
7
Not at all true about me
Very true
about me
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Appendix 11.
Intuitive Eating Scale-2 (IES-2)
For each item, please circle the answer that best characterizes your attitudes or behaviors.
1. I try to avoid certain foods high in fat, carbohydrates, or calories.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
2. I have forbidden foods that I don’t allow myself to eat.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
3. I get mad at myself for eating something unhealthy.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
4. If I am craving a certain food, I allow myself to have it.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
5. I allow myself to eat what food I desire at the moment.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
6. I do NOT follow eating rules or dieting plans that dictate what, when, and/or
how much to eat.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
7. I find myself eating when I’m feeling emotional (e.g., anxious, depressed, sad),
even when I’m not physically hungry.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
8. I find myself eating when I am lonely, even when I’m not physically hungry.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
9. I use food to help me soothe my negative emotions.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
10. I find myself eating when I am stressed out, even when I’m not physically
hungry.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
11. I am able to cope with my negative emotions (e.g., anxiety, sadness) without
turning to food for comfort.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
12. When I am bored, I do NOT eat just for something to do.
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1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
13. When I am lonely, I do NOT turn to food for comfort.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
14. I find other ways to cope with stress and anxiety than by eating.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
15. I trust my body to tell me when to eat.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
16. I trust my body to tell me what to eat.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
17. I trust my body to tell me how much to eat.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
18. I rely on my hunger signals to tell me when to eat.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
19. I rely on my fullness (satiety) signals to tell me when to stop eating.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
20. I trust my body to tell me when to stop eating.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
21. Most of the time, I desire to eat nutritious foods.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
22. I mostly eat foods that make my body perform efficiently (well).
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
23. I mostly eat foods that give my body energy and stamina.
1
2
3
4
5
Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree
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Appendix 12.
Brief Mood Introspection Scale (BMIS)
Circle the response on the scale below that indicates how well each adjective or phrase
describes your present mood.
(definitely do not feel)
feel)

(do not feel)

XX

X

(slightly feel)
V

(definitely
VV

Lively XX X V VV
Drowsy XX X V VV
Happy XX X V VV
Grouchy XX X V VV
Sad XX X V VV
Peppy XX X V VV
Tired XX X V VV
Nervous XX X V VV
Caring XX X V VV
Calm XX X V VV
Content XX X V VV
Loving XX X V VV
Gloomy XX X V VV
Fed up XX X V VV
Jittery XX X V VV
Active XX X V VV
________________________________________________________________________
______
Overall, my mood is:
Very Unpleasant
Pleasant

Very

-10 –9 –8 –7 –6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6 7 8 9 10
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